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EXECUTIVE SUMMARY
Of the 38 federally managed species in the Northeast and Mid-Atlantic regions, 28 have been
documented to occur in Chesapeake Bay.  Of these 28 species, 21 have been captured by the VIMS
Trawl and Seine Surveys since 1988.   Catch information for these surveys is examined to determine
essential fish habitat for each of these species in the Virginia portion of Chesapeake Bay.  For abundant
species, both juvenile and adult components of the life history are examined, with less abundant species
represented by only total catch.  This examination of habitat usage is limited to an analyses of
hydrographic parameters such as water temperature, salinity, dissolved oxygen, pH, and depth.  In
addition to these parameters spatial and temporal components of distribution are presented for each
species (and life stage when applicable).
Salinity and temperature appear to be the most influential factors in determining distribution of
most species.  These surveys presented here sample from the Atlantic Ocean to the freshwater portions
of several major tributaries nearly 80 miles upstream on a near continuous monthly basis. For most
species, there is a clear preference towards waters within a specific salinity range.  Since many of these
species are migratory and only seasonally present in the Bay, there is also often a strong preference in
regards to water temperature as well.   To further understand the habitat requirements of these and
other Chesapeake Bay species, live bottom types (sponge, sav, hydroids, etc) are being examined
(since 1998) in an attempt to find relationships between their densities and fish abundance.
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1INTRODUCTION
The Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA) was
reauthorized and amended by the Sustainable Fisheries Act of 1996.  The Act requires that essential
fish habitat (EFH) be described and identified for all federally and regionally managed species.    The
National Marine Fisheries Service (NMFS) is required to assist regional management councils in
developing and implementing EFH for the various fisheries management plans.  
The NMFS view on habitat is broad and covers areas used by a species throughout its life
cycle.  Essential fish habitat has been defined as “those waters and substrate necessary to fish for
spawning, breeding, feeding or growth to maturity” (Anon. 2002).  The species included in this
document are those of interest to NMFS or the Mid-Atlantic Fishery Management Council (MAFMC)
for the Virginia waters of the Chesapeake Bay and Virginia’s coastal waters. 
For this report, a total of 36 species, or species groups, were examined for their distribution
and relative abundance throughout the Chesapeake Bay (Table 1).  The abundance of these species is
compared against such hydrographic variables as salinity, water temperature, dissolved oxygen, pH,
and water depth.  The goal is to identify and describe the most basic habitat components necessary for
the major life history stages.  The primary life stages of interest are the juveniles and adults of each
species.  For some species, the catches are typically large and represent several cohorts, as such,
information on both life stages can be relatively reliable.  For other species, either only one life stage is
captured by the fishing gear, or catch values were too small to separate into specific life stages.
Data from two fisheries independent monitoring surveys of the Virginia Institute of Marine
Science (VIMS) were used in these analyses.  The VIMS Trawl Survey has existed since 1955,
2monitoring the demersal species of the Chesapeake Bay and its tributaries.  The Beach Seine Survey
consists of two components:  The Striped Bass Beach Seine and the Bluefish Beach Seine Surveys. 
The striped bass survey began in 1967 to monitor recruitment success of young-of-the-year (yoy)
striped bass in Virginia’s upper tributaries.  The bluefish survey began in 1994 as a way to monitor
juvenile bluefish and forage species occurring along the Virginia coastal waters of the Atlantic Ocean
and Lower Chesapeake Bay.
Trawl Survey
The VIMS trawl survey is a long-term, broad scope multi-species monitoring program sampling
the Chesapeake Bay and its tributaries.  Its primary goal is to monitor juvenile abundance for marine and
estuarine finfish and invertebrates.  A major objective is to provide annual indices of juvenile abundance
for recreationally, commercially, and ecologically important species of sufficient accuracy and precision for
both immediate resource management needs and long-term understanding of environmental influences on
fishery resources. 
VIMS has conducted a bottom trawl survey of some fashion since 1955.  Historically, sampling
has occurred as mid-channel transects at fixed locations (non-random) spaced at approximately five mile
intervals on Virginia's major tributaries (James, York and Rappahannock Rivers). The increasing need for
a random survey of the main stem Bay and tributaries were factors in implementing a bay wide random
stratified survey in 1973.  This program had a very large spatial coverage in various depth strata, but was
very limited in its temporal component.  Sampling occurred on a semi-annual basis primarily in January to
February, and again in July (Wojcik and Van Engel, 1988a, 1988b, 1988c, and 1989).  A statistical review
of accumulated trawl data indicated the monthly surveys did not provide enough samples to obtain the
3desired margin of error (300-700 trawls per survey necessary).  This random survey was discontinued by
May 1981, due to decreasing funding and the recognition that many species use the estuary as nursery
grounds in various temporal manners which directly conflicted with the semi-annual design.  Subsequently,
the program returned to the small, monthly, fixed station transect design.  These monthly river transects
continued unabated until 1988, when the Chesapeake Bay Stock Assessment Committee (CBSAC)
encouraged and directly supported pilot studies to develop a comprehensive Bay-wide trawl survey.  In
Virginia this support was the initiation of a random stratified monthly trawl survey of the lower Chesapeake
Bay in January 1988 (Chittenden, 1989).  It was hoped this survey would produce similar surveys of
Virginia's major tributaries, the James, York, and Rappahannock Rivers.  With this in mind, a pilot survey
similar in design was established and implemented for the York River, beginning in October 1989.  With
the purchase of the solely dedicated trawler R/V Fish Hawk, this random survey of the York was
incorporated and sampled along with the historic fixed stations beginning in June 1991 (Land et. al. 1996a).
 In September 1995, a similar survey was designed and implemented for the Rappahannock River, with
the James River initiated in March of 1996.
The Virginia-wide random stratified design (RSD) survey has continued with historical fixed mid-
channel stations on the tributaries incorporated into the design.  For each tributary, 22 stations were
sampled monthly (James: 14 random, 8 fixed; York: 13 random, 9 fixed; and Rappahannock: 14 random,
8 fixed), with monthly sampling in the Bay either 39 stations (December to April) or 45 stations (May to
November).  
Sampling was established in several small secondary water systems of the Chesapeake Bay
beginning in July 1998.  A random stratified design with additional fixed sites was followed for Mobjack
4Bay, Piankatank River, Pocomoke Sound and Great Wicomico River.  The fixed sites were selected based
on location and frequency of past sampling.   Each system was sampled once per quarter.   The necessity
for information on these systems became evident in the late summer of 1997, when concerns of pfiesteria
complex organisms affected the Pocomoke and Great Wicomico Rivers.  More importantly, the additional
information from these systems will assist in our knowledge of habitat usage for important Chesapeake Bay
fishes.
Although there have been several additions to the survey in the past 12 years, they have not been
at the expense of the primary sampling of the Bay (established in 1988) or the fixed station transects
(established in 1955).  These additions have merely served to provide a more statistically robust survey,
and expand coverage into smaller areas of interest. 
For this examination, only data since 1988 are used.  They represent the most consistent and
extensive period of the survey, with 48% of the nearly 27,000 samples collected since 1955.  For a
complete description of the trawl survey sample design and protocol see Geer and Austin (1999).
Beach Seine Surveys 
The Virginia Institute of Marine Science has monitored striped bass spawning rivers since 1967
(the VIMS Juvenile Striped Bass Survey) concentrating on tidal tributaries (Figure 1) (Austin et al. 1999).
In the fall of 1993, the VIMS Juvenile Bluefish Seine Survey began as an extension of this survey as a
means of monitoring juvenile bluefish abundance (Austin et al. 1997).  The Bluefish Seine Survey operated
autonomously from the spring of 1994 until the end of 1996 at which time it was once again operated as
an extension of the Striped Bass Survey.  This bluefish survey concentrated on Virginia’s Eastern Shore
(both the bayside creeks and the seaside lagoons) and south side ocean beaches sampling for bluefish and
5several other recreationally and ecologically important species (Figure 1).  The primary objective of both
surveys is to monitor trends in relative abundance of bluefish and striped bass. Currently, bluefish field
sampling is conducted during thirteen approximately biweekly sampling periods from April through
October.  The striped bass sampling occurs approximately biweekly from July to mid-September for a total
of five sampling periods (rounds).  
METHODS
I.  Trawl Survey
A.  Sampling Design
1.  Chesapeake Bay 
The random stratified sampling design of the main stem Bay is based on latitude and water
depth and has remained intact since 1988.  The Bay is latitudinally divided into four 15 minute blocks
(regions) labeled bottom (below 37 o10'N), lower (37 o10'-37 o25'N), upper 
(37 o25'-37 o40'N), and top (above 37 o40'N).  Within each region, depth strata were defined as
eastern shore shallow areas (4-12 ft), eastern shore shoal areas (12-30 ft), western shore shallow areas
(4-12 ft), western shore shoal areas (12-30 ft), plain areas (30-42 ft), and deep areas (> 42 ft),
resulting in a total of 24 strata (Geer and Austin, 1999).  A map of these strata and the accompanying
tributary strata appears in Figure 2.  The northernmost portion of Virginia's waters (i.e. Top Bay) has
not been sampled since 1988 because of funding and logistic constraints.
Station selection for each cruise was made randomly through use of the National Ocean
Survey's Chesapeake Bay bathymetric grid system computerized files.  This system was summarized to
6obtain  position and depth records at 0.25  mile intervals, approximately the same value as the average
tow length.  Four stations were selected monthly in each central plain strata and three stations from
each deep strata.  During warm water months (May through November) three stations were sampled in
each shoal strata; during cold water months (January through April, and December) only two shoal
stations were sampled per strata.  One station is sampled monthly in each of the six shallow water
strata.
Previous cruises have indicated few individuals of targeted species occupy the main stem
Chesapeake Bay during winter months.  With this in mind, a combined January/February survey was
conducted for the Bay in both 1992 and 1993, in order to better allocate sampling resources.  Further
investigation indicated no significant difference in abundance for several key species during the months
of January through March (Geer, unpublished).  As a result, a single Bay survey in February was
conducted beginning  in 1994 to represent the period January through March.
2.  Major Tributaries
The tributaries have historically been sampled with fixed mid-channel river transects, with
stations designated at approximate 5-mile intervals from the river mouths to the freshwater interface. 
Generally one tow was made at each station each month.  A second tow, opposite in direction, which
had been made at selected  blue crab index stations during the warm water months (May through
November), was discontinued in June 1995.  Analysis revealed no significant difference in catch in
regards to tow direction up versus down river (Bonzek, unpublished), and sampling effort could be
better utilized with the random stratified surveys   These historic fixed sampling sites continue to be
monitored along with the RSD, with each site assigned the appropriate strata based on its depth and
7location.
The random stratified surveys were initiated in 1989 on the York River using a smaller vessel
and a 22 ft version of the present gear.  It was discontinued in August 1990, and re-established in June
1991 in parallel with the fixed station transects aboard the R/V  Fish Hawk, with the standard 30ft
fishing gear.  In September 1995, a similar survey was implemented on the Rappahannock, with a
James River survey following in March 1996.  Each river is divided  into four regions (bottom, lower,
upper, and top) of approximately ten miles each.  Within each region there are four depth strata (4-12
ft, 12-30ft, 30-42ft and > 42ft), inclusive of the lower value (Figure 2) (Geer and Austin, 1999).  In
areas where certain depths were minimal, strata were collapsed to provide adequate coverage.  In the
York River system, the top region (Pamunkey River) is not sampled with random stations due to its
homogenous water depth, limited area, and the fact that three fixed locations can provide the necessary
information for the area.   The York has 13 random and 9 fixed stations in 11 strata;  the
Rappahannock has 14 random and 8 fixed stations in 13 strata; and the James River has 14 random
and 8 fixed stations in 12 strata.  Reports for the York River random survey have been prepared for the
years prior to 1995 (Land et al., 1996a, and Land et al., 1996b), with information for all three tributary
surveys appearing in Geer et al. (1997).  
3.  Secondary Water Systems
The secondary water systems of the Mobjack Bay, Pocomoke Sound, Piankatank and Great
Wicomico Rivers were sampled on a quarterly basis beginning in July 1998.  The design was similar to
the major tributaries with historic fixed sites incorporated into a random stratified survey.  One system
was sampled per month (Piankatank and Great Wicomico Rivers sampled in the same month).  The
8sampling order was randomly selected and  rotated each quarter. 
B.  Field Sampling Protocol
All sampling was performed aboard the research vessel Fish Hawk. The sampling gear was a
30 ft (9.144m) semi-balloon otter trawl (Glavin net Company, Biloxi, MS), with a 1.5 inch (38.1mm)
stretch mesh body, a 0.25 inch (6.35mm) mesh cod end liner, attached tickler chain, 60 ft (18.29m)
bridle length, and a 3:1 warp, using steel china-v doors (28 x 19 inches, 71 x 48 cm).  The tow duration
was typically five minutes bottom time at a speed of approximately 2.5 knots (1.29m/sec).  A sample
day was defined as the period between sunrise and sunset.
At each station, station identification, beginning and ending coordinates, depth, tidal current
stage, secchi depth, tow direction (upstream vs. downstream and relative to current), beginning and
ending time, tow duration, scope, net number, speed over ground, air temperature, wind direction, wind
speed, weather conditions, and sea state were recorded.  Surface and bottom hydrographic data
(temperature, salinity and dissolved oxygen), were recorded immediately following the tow at a depth
consistent with that of the trawling depth.  Onboard processing of catches involved separating them
according to species, and measuring individual lengths (to the nearest millimeter).  For fish species, all
lengths were taken as fork lengths unless no fork was present for a given species, in which case total
length was measured.  Invertebrates were separated and the appropriate information collected. 
Information for those species in which just presence or total counts were collected were placed on
datasheets.    For blue crabs, point-to-point carapace width was measured (called long carapace
width) and fecundity of adult females was assessed with individual egg stage being determined.  The
penaeid shrimp were measured for total length while the squid species were measured for mantle length. 
9Jellyfish (gelatinous zooplankton) were estimated by volume in liters.  Other selected invertebrates were
measured by the appropriate meristic characteristic.  These data were entered directly into computer
files using electronic measuring boards.  Fish specimens with anomalies (lesions, fin rot, open sores)
were recorded with the individual’s length.  Subsampling was performed when the catch of a species
was large and homogeneous.  When subsampling, lengths were taken on a representative sample of the
species, and total number was determined by direct counting or by measuring total volume and
enumerating specimens contained in a certain volume, then multiplying the count by total volume. 
II.  Seine Surveys 
At each striped bass station, collections were made using a 30.48 m (100 ft.) long x 6.35 mm
(0.25 in) bar mesh seine.  The bluefish seine was 1.83 m (6 ft.) tall with a 6.35 mm (0.25 in) bar mesh
bag.  The striped bass seine was only 1.22m (4 ft) tall with no bag (Austin et al. 1996).  The net was
deployed perpendicular to the shoreline (extended either until the depth reached four feet or until the net
was completely stretched) and swept down current and back to shore.  Alternately, the net was carried
out to a depth of four feet, extended parallel to the beach and then hauled onto the shore.  This was
necessary whenever a strong longshore current was present, or when winds were blowing across the
area and the net was ballooning.  Replicate hauls were made at each site at least 30 minutes apart. All
fish from the first haul were removed from the net and placed in buckets of water until completion of the
second sample.  All fish species were identified, enumerated and measured to the nearest millimeter
fork length (or total length when appropriate).  When sample sizes were large, a subsample of at least
25 individuals was measured and the remainder enumerated.  Atmospheric and hydrographic data were
also recorded and included salinity (ppt), water temperature (oC), pH, dissolved oxygen (mg/l), time
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(24 hr), air temperature (oC), wind speed (m/s), and wind direction. 
III.  Data Handling
With all surveys, catches of target  species are separated into young-of-the year (YOY) and
older components by applying a species specific standard monthly cutoff value to the length frequency
information.   This process has been applied to abundant species as well. Cutoff values are determined
by modal analyses of historical composite monthly length frequency data, and reviews of ageing studies
for each species (Table 2).  For the earlier months of the biological year cutoff values are usually
arbitrary values which fall in between completely discrete modal size ranges.  During the later part of the
biological year, when early spawned, rapidly growing individuals of the most recent year class may
overtake late spawned and slowly growing individuals of the previous year class, cutoff values are
selected so as to preserve the correct numeric proportionality between year classes despite the
misclassification of individuals (Table 2).  The extent of the zone of overlapping lengths and the
proportion within that range attributable to each year class is estimated based on the shapes of each
modal curve during the months prior to overlap occurring.  A length value is then selected from within
that range which will result in the appropriate proportional separation.  Although this process involves
considerable subjectivity and ignores possible interannual variability in average growth rates, there is
little likelihood that any significant error will be introduced, as only a very small fraction of the total
number of young-of-the-year individuals fall within the zone of overlap and most of the data used to
construct juvenile indices is drawn from months when no overlap at all is present.
For species in which this exercise has not been established,  annual cutoff values based on age
at maturity from federal management plans were applied (Table 2).  For most species presented here,
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both juveniles and adults life stages are reported.  For those species with limited data, only information
on total catch were prepared.
Seasonal distributional maps were prepared for each abundant species from the trawl survey as
such:  Winter:  January-March;  Spring:  April-June;  Summer:  July-September;  Fall:  October-
December.  Statistically, the months in these groupings appear most similar.  An analysis of variance
indicated no significant differences in bottom temperatures for the months that have been grouped.  For
species rare to the trawl survey, only an overall  distributional map was created.  Similar composite
maps were created from seine survey data since sampling is restricted to warm water months (May to
October).
Hydrographic data were compared against catch by species and life stage (if appropriate), by
analyzing each variable (bottom water temperature, salinity, and dissolved oxygen, depth, or pH).  Each
parameter was divided into intervals with the total catch corresponding to that interval divided by the
entire catch, to provide a ratio of the total catch at that interval.   Similarly, the total number of samples
(stations) was examined to find the ratio of samples occurring at each particular interval.  These data
were then plotted to visually show hydrographic preferences.  They are also presented in tabular form
by life stage (and overall catch) in Appendix Figures 1 to 16.  Any disparity (or skewness) between the
percent of stations and percent of catch for a particular parameter was interpreted as a preference
towards those type waters.
RESULTS
An overall summary of catch by survey, species and life stage (if appropriate) is provided in
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Tables 3 and 4.  Each table provides summary statistics for either the trawl or seine surveys for each
species captured by that survey.  These statistics include:  total catch and catch by life stage;  catch per
unit effort by life stage; frequency of occurrence; maximum catch;  and length statistics.  
A total of 12,308 trawls were examined between 1988 and 1999.  Sampling was greatest in
the summer months (3,397 trawls) (Figure 3), followed by the fall (3,364) (Figure 4), and  spring
(3,199) (Figure 5). Limited sampling during the winter months (January-March) (Figure 6) still
produced 2,348 samples for examination.   The most abundant target species captured by the trawl
survey (in descending order) include scup, summer flounder, squid species (primarily Loliguncula
brevis), butterfish, black sea bass, and Atlantic herring (Table 3).  Of the 36 federal managed species
examined, 20 were captured by the survey between 1988 and 1999.  Species with adequate
information by life stage and season include Atlantic herring, black sea bass, butterfish, scup, squid
species, summer flounder, and windowpane (Table 3).  Bluefish, clearnose skate, red and silver hake
had high enough abundance to provide seasonal information, but either lacked or were missing data to
provide results by life stage.  All other species were reported as total abundance for the entire sampling
period (Table 3).
The seine surveys collected 3,168 samples between 1994 and 1999, catching fewer target
species (14) with almost all specimens  in the juvenile stage (Table 4).  As such, only the total catch is
presented in the results.  Since sampling was restricted primarily between May and October, (July to
September for the striped bass survey), only an overall composition of distribution is presented,
ignoring seasonal events.  Of the 14 target species captured between 1994 and 1999, only two were of
high abundance, bluefish and Atlantic herring, with over 86% of all the herring occurring in a single haul
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(Table 4).  All other species had low catch rates (> 0.1 fish per haul) (Table 4).  With the exception of
a few summer flounder (max length = 542 mm, mean = 210 mm), and red drum (max length = 445
mm, mean = 71.3 mm), nearly all specimen would be considered juveniles for this exercise.
Species Summary
Atlantic Herring - Clupea harengus - were not frequently caught in either the trawl or seine surveys (<
4% of the samples, but were often captured in large numbers (Tables 3 and 4).  Nearly 90% of the
trawl catches were juveniles with only three specimens from seines being adults.  Juveniles were
captured in the trawls during the late winter and early spring (peaking in April and May) (Figure 7)  at
temperatures between 10 and 16oC (Figures 8 and 9).  Catches were primarily in the tributaries during
the winter but well distributed throughout the Bay in the spring (Figure 8).  Adults were found only
during the winter (Figures 7 and 10) at greater depths and colder waters than the juveniles (Figures 9
and 11).  Both juveniles and adults appear to prefer salinities greater than 14 ppt (Figures 9 and 11). 
Of the 9,321 herring captured during beach seine sampling, over 86% came from a single
sample in May of 1996 (Table 4, Figure 12).  Of the four samples that captured 100 or more herring,
all but one appeared during that sampling period, with the fourth occurring in August 1994.  All four of
these samples were collected at sites  near the Bay mouth or along the Atlantic coast beaches (Figure
13).  As a result of these very large catches in May, hydrographic preferences appear to be dominated
by the water quality typical during that sampling event (Figure 14).  Although these results are not
completely dissimilar from that of the trawl survey (Figure 11), the very large catches in May of 1996
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may not be representative of the true hydrographic preferences.
 Another VIMS survey which was not included in these analyses is the Alosa Pushnet Survey,
which is conducted above the freshwater interface during the summer months.  Data from these surveys
may provide additional information on very young juveniles.
Atlantic Mackerel - Scomber scombrus  - are not captured by the trawl survey during the period,
and only infrequently by the seine surveys (2 occurrences, Table 4).  Of the five fish captured, four
were caught at mile 41 on the Rappahannock River in May (Figures 15 and 16).  The other specimen
was captured in August near the Bay mouth at Seashore State Park (Figure 15).  These two samples
are clearly seen in the hydrographic preference graphics (Figure 17), however, these few data points
make any meaningful conclusion impossible.
Black Sea Bass - Centropristis striata - is a common component of trawls in the lower Bay and
James River, but rarely captured in large numbers (Table 3).  There were 4,907 juveniles and 1,832
adults captured by the trawl survey, ranging in size from 20 to 354 mm (mean = 108.8 mm) (Table 3). 
Juveniles are common throughout the Bay and lower portions of the James and York Rivers during the
spring and summer (April to July) (Figures 18 and 19).  Adults are more common during the latter part
of the summer and into the fall (Figures 18 an 20).  This may be a remnant of the monthly length cutoff
values (Table 2).  Small juveniles (> 70 mm) first recruit to the gear in August, and so this month is
considered the beginning of the biological year.  Juveniles migrate offshore in the winter and return to
the Bay the next spring at a maximum length of 110 mm.  By July it is assumed yoy fish are a maximum
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of 175 mm.    Juveniles prefer temperatures above 16oC, salinity above 18 ppt, and depths greater than
8 m (Figure 21), with very small juveniles known to inhabit grass beds (Murdy et al. 1997).   Adults are
found primarily on the eastern side of the Bay during the summer and fall months, with similar
hydrographic preferences (Figures 20 and 22).
Black sea bass are uncommon in the haul seines with only 98 specimens captured, ranging in
size from 22 to 153 mm (mean = 74.02 mm) (Table 4).  The catch peaks during May sampling (Figure
23), primarily along the seaside sites (Figure 24).  Temperature preference appears slightly higher than
that of the trawl survey (Figure 25) - possibly a remnant of sampling only during warm water months. 
Salinity preferences appear to be greater than that of the trawl survey also, with nearly 90% of the
catch occurring in waters greater than 26 ppt (Figure 25).
Bluefish - Pomatomus saltatrix :  Similar information has previously been prepared and published by
Brooks and Geer (2001).  All but four of the specimen collected by the trawl, and all of those captured
seining were under the length cutoff of 350 mm for age at maturity (Tables 3 and 4).  The largest
specimen was just over that limit at 354 mm.  As a result, all samples are pooled regardless of life stage
(juvenile or adult), although the samples are nearly exclusively juveniles.
The trawl survey catches bluefish throughout the warm water months, (May to November) with
an increase in catch during October and November as juveniles begin to migrate out of the Bay (Figure
26). Catches are concentrated in the main-stem of the Bay with some catches up the tributaries to near
the freshwater interface (Figure 27).  There is a clear southward movement towards the Bay mouth
during the fall months (Figure 27).  Bluefish prefer salinities greater than 16 ppt and depths between 8
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and 10 m (Figure 28) (Brooks and Geer, 2001).  There appears to be two pulses associated with
water temperature, the first between 14 and 18oC, and the second at 22 to 26oC (Figure 28) (Brooks
and Geer, 2001).  
The seine survey captures bluefish every month of sampling (May to October), with June and
September being the peak months (Figure 29).  Juveniles are captured throughout the brackish range of
the survey, with highest catches occurring at the seaside sites and Bay mouth (Figure 30) (Brooks and
Geer, 2001).  Although captured throughout the sampling range, nearly 90% occur in waters greater
than 18 ppt (Figure 31) (Appendix Table 5).  Dissolved oxygen is rarely a problem in shallow waters,
but bluefish occur more at D.O.’s above 6 mg/l (Figure 31).  PH is fairly consistent in the Bay and
ocean, but has greater variation in the freshwater portions of the survey.  As such, any estuarine or
marine species will most likely encounter fairly stable ph values.  For the three species mentioned so far,
values around 8.2 comprise very large percentages of the catch (Figure 31) (Appendix Table 16). 
Temperature again looks slightly different than that of the trawl survey.  Catches do not appear until
waters reach 20oC , and reach a peak between 24 and 26 oC.
Butterfish - Peprilus triacanthus: One of the most common target species captured during
 trawling operations, butterfish appear most plentiful during the late summer to early fall.  Juveniles first
recruit to the gear in June at 60 mm (Table 2), with peak abundance occurring between July and
October (Figure 32).  Adults are more common in June, with their catch per unit effort (CPUE)
decreasing steadily until December (Figure 32).  Distribution of juveniles is restricted to the main-stem
Bay in the spring, become well dispersed and abundant throughout the estuary by summer, and show
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signs of a seaward migration towards the Bay mouth in the fall months (Figure 33).  Adults show a
similar distribution pattern in the spring, but rarely migrate up the tributaries during the summer,
becoming rare by the fall (Figure 34).  Hydrographic preferences are similar for both juveniles and
adults.  Dissolve oxygen preference is skewed when compared to station frequency - mainly due to
their preference for warmer waters (> 18oC) which typically carry less oxygen (Figures 35 and 36).  
Their salinity preferences are skewed to the right as compared to station frequency (> 20 ppt) (Figures
35 and 36), limiting their geographic distribution to the lower portions of the tributaries and main-stem
Bay (Figures 33 and 34).  They appear to prefer deeper waters, with over 60% of the catch from
waters between 10 and 14 m (Figures 35 and 36) (Appendix Tables 13 - 15).
Due to their preference for deeper waters, butterfish are rarely taken in the seine surveys.  Only
five specimens were taken in four hauls, ranging in size from 24 to 135 mm (Table 4).  They are
captured primarily at sites on the Eastern Shore and Atlantic Coast (Figure 15) during the months of
June and August (Figure 37).  Although captured rarely, the catch frequency by temperature and
salinity appears similar to that of the trawl survey (Figure 17).
Clearnose Skate - Raja eglanteria: Disc width is the meristic used for clearnose skates by 
these surveys.  NMFS had provided a total length value at 50% maturity,  by no relationship between
the two measurements was available.  As a result, although these skates are abundant on the trawl
survey, over a wide range of sizes (79 - 541 mm disc width), no separation for life stage was
developed (Tables 2 and 3).  Clearnose appear in catches between April and December with peak
CPUE between May and August (Figure 38).  They are most abundant near the Bay mouth during the
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spring and summer, but appear throughout the lower Bay during all four seasons (Figure 39).  They
rarely penetrate up the tributaries.  Since the are present in the Bay for all but the coldest months, there
appears to be little relationship with catch and temperature, with catches common at 8 to 28oC (Figure
40).  However, there is a clear relationship with salinity, with over 85% of the catch at 22 ppt or above
(Figure 40) (Appendix Table 8).  Additionally, there appears to be a preference towards deeper
waters, evident from the skewed catch distribution as compared to the station frequency (Figure 40).
Only three clearnose were captured by the seine surveys, with two specimens captured in
October, and one in July (Figure 41). All three samples were relatively similar in size (mean = 322 mm
dw), coming from two sites along the seaside of Eastern Shore (Figure 15).  Hydrographic information
is shown in Figure 42.
Cobia - Rrachycentron canadum - were never captured by the seine survey and only 9 specimens from
eight samples were taken trawling (Table 3).  Interestingly, nearly half of those taken were very large
adults ( > 600 mm), resulting in an average length of 404 mm (Table 3).    Most of the specimens were
caught in August and September (Figure 43) along both the eastern and western shores of the main-
stem Bay (Figure 44).  The limited information suggests a preference towards shallower waters (< 12
m), higher salinity (> 18 ppt), and warm waters (> 16  oC ) (Figure 45).
Little Skate Raja erinacea and Winter Skate R. ocellata: Neither one of these skates were
captured by the seine surveys and only rarely from trawl catches (Table 3).   Little skate were captured
in 13 trawls with a total of 29 specimens, ranging in size from 248 to 457 mm (Table 3).  They
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occurred mostly in April and May (May having the largest single catch of 10 individuals) (Figure 46). 
Distribution is concentrated around the Bay mouth (Figure 44) in high salinity waters (Figure 47).
Winter skate were very rare, with four specimens collected in four trawls primarily during cold
water months (December to April) (Figure 48).  Lengths ranged from 322 to 477 mm with a mean of
397.5 mm (Table 3).  Catches were all near the Bay month (Figure 44), in colder waters less than
12oC (Figure 47).
Pollock - Pollachius virens - are extremely rare with only one specimen from the seine and two from
the trawl survey (Tables 3 and 4).  All are small (< 115 mm), occurring in catches in April and May
(Figures 49 and 50).  Trawl catches were both on the Rappahannock River (Figure 44), with the lone
seine catch from the Wachapreague site on the seaside of Eastern Shore (Figure 15).   The limited
hydrographic information for these catches is shown in Figures 42 (Seine Survey) and 51 (Trawl
Survey).
Red Drum - Sciaenops ocellatus - are a common resident of the Bay from May to November (Murdy
et al. 1997).  Spawning occurs in nearshore coastal waters from late summer through fall, with yoy first
appearing in seine and trawl catches in September.  The peak of abundance for the seine surveys
occurs during October (last month of bluefish sampling) (Figure 52) and November through January on
the trawl survey (Figure 53).  The largest specimen captured with the beach seine was 445 mm and
395 mm with the trawl.  However, the mean for the two surveys indicate most fish are yoy with
averages of 71 mm and 91 mm, respectively (Tables 3 and 4).  Distribution shows most catches to be
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concentrated in the lower portions of the rivers, with some scattered catches occurring in the upper
portion of the Virginia portion of the Bay (Figures 54 and 55).  The seine surveys stop sampling by late
October about the same time juvenile red drum are beginning to move into deeper waters.  As such,
temperature preferences appear to be towards waters between 16 and 30oC (Figure 56).  However,
trawl catches seem somewhat different, catching nearly 80% of all specimens in waters less than 14oC
(Figure 57) (Appendix Table 4).  Both surveys indicate a salinity preference of waters greater than 10
ppt (Figures 56 and 57).
Red Hake - Urophycis chuss - are never taken by the seine surveys because they are a seasonal
resident common during the winter and spring months.  They are typically found over soft mud and silt
bottoms, but never over rock (Murdy et al 1997).  As waters warm in the spring they migrate to deeper
offshore waters.  The average size taken by the trawl survey is 140 mm (range 33 to 292 mm) (Table
3), typically during the late winter to early spring (Figure 58).  Hydrographic date indicates preferences
for waters less than 16oC at salinity above 16 ppt (Figure 59).  An overwhelming proportion of the
catch occurs in the deeper channel waters of the main-stem Bay, with a few large catches occurring in
the channels of Hampton Roads Harbor (Figure 60).
Sandbar shark - Carcharhinus plumbeus: Only two sandbar sharks have been taken by the seine
surveys and 11 by trawls in 12 samples.  Although these gears are not designed to captured large fish,
the average size for the two surveys was 559 mm and 540 mm (Tables 3 and 4).  All were taken in the
summer to fall months (June to October) (Figures 61 and 62).  Trawl catches were concentrates in the
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main-stem Bay (Figure 44), with both specimens from the seine surveys occurring at the Wachapreague
sites (Figure 63).  Both the seine and trawl hydrographic data suggests a preference to higher salinity
waters (> 16 ppt) (Figures 45 and 64).
Scup - Stenotomus chrysops - is an abundant species captured in trawls (over 15,000) during the
summer and early fall months.  They prefer hard-bottom areas and submerged structures, and spawn
from May to August is coastal waters north of Chesapeake Bay (Murdy et al 1997).  Juveniles (< 160
mm) make up nearly 99% of the catch, with peak abundance occurring between June and September
(Figure 65), peaking in July.  Juveniles first appear in the Bay in June and by July and August are
distributed throughout the lower Bay and Eastern Shore (Figure 66).  By October they have begun their
offshore migration (Figure 66).  Adults show a similar distributional pattern with catches highest during
the summer months in the Bay proper (Figure 67).  Rarely are scup captured in the tributaries.  This
pattern of main-stem Bay utilization is evident in the salinity preferences, with over 85% of both the
juvenile and adult catch occurring in waters greater than 16 ppt (Figures 68 and 69) (Appendix Tables
7 and 8).  Patterns of temperature are relatively constant above 10oC, with highest catches of juveniles
at 24 to 28oC (Figure 68).  Adults linger in the system longer in the fall, evident from 10% of the catch
occurring in less than  10oC, with juveniles less than 4% (Figures 68 and 69) (Appendix Tables 2 and
3).   
Only 21 scup were taken in seine samples (all juveniles), primarily in August and September
(Figure 70).  Temperature preferences appear similar to the trawl data with all catches from waters
above 22oC (Figure 64).  Salinity distribution isn’t as broad as that of trawl catches with the bulk of the
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catch appearing in waters greater than 22 ppt.  However, there appears to be a mistake in these data
indicating 3 of the total 21 fish captured were found at station JA29 (Figure 63 and 64) at an average
salinity of 4.4 ppt.   Both samples occurred in 1994, (August and September).  No other site on the
James, or any river for that matter, has captured scup.  Catches are limited to around the Bay mouth
and seaside of Eastern Shore.  These questionable data will be reviewed and corrected as necessary.
Silver Hake - Merluccius bilinearis - is also known as whiting and is an occasional visitor to the
Chesapeake Bay.  Spawning occurs in offshore waters with adults and juveniles moving inshore during
the spring.  The species has never been captured during seine sampling but 921 have been captured by
the trawl survey in 1.5% of the collections (Table 1 and 3).  The 50% size at maturity is 230 mm with
only 4 specimens observed above that value since 1988, and as such, information is presented for only
the total catch.  Abundance increases as the spring progresses, peaking in April and May (Figure 71). 
Catches are concentrated in the Bay proper in the deeper waters of the channels at depths greater than
10 m (Figures 72 and 73).  They prefer high salinity with nearly 95% of the catch in waters > 24 ppt
(Figure 73) (Appendix Table 8).  Temperature observations indicate a preference to waters less than
14oC , above which they probably begin their offshore migration to deeper shelf waters (55 - 300 m )
(Murdy et al. 1997).   
Spanish mackerel - Scomberomorus maculatus - are a common migratory species to Chesapeake
Bay arriving by May when water temperatures exceed 17oC (Murdy et al. 1997).  Spawning occurs
offshore from late spring to late summer.  Spanish mackerel occur in less than 1% of all trawls (total of
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195 specimens), primarily in July to September (Figure 74) distributed primarily on the western side of
the Bay and lower portion of the tributaries (Figure 55). Over 80% of the catch occurs at temperatures
above 24oC and salinity of 18 ppt (Figure 75) (Appendix Tables 4 and 8).  Nearly 35% of the catch
occurs at depths between 6 and 8 m (Figure 75) (Appendix Table 15).
The seine survey have a slightly higher catch per unit effort when compared to the trawl survey
(0.04 versus 0.02 fish per sample) (Tables 3 and 4).  Seines catches were dominant in July and showed
the same three month period of abundance as trawl sampling (Figure 76).  Catch rates were highest at
Sandbridge along the Atlantic Coast and mid-river sites on the James and York Rivers (Figure 77).  A
small portion of the catch occurred in waters less than 10 ppt, but nearly 90% occurred between 26
and 28 ppt (Figure 78) (Appendix Table 5).  The entire catch occurred at temperatures from 22 to
32oC (Figure 78) (Appendix Table 1).
Spiny Dogfish - Squalus acanthias - were never taken in seine samples, with 153 collected in 70
trawls since 1988.  The average size was 794 mm (95% C.I.’s = + 16.92).  Catches occurred
primarily during the cold water months of November to April (Figure 79) concentrated near the Bay
mouth (Figure 55).  It is believed they migrate offshore during the summer months and return inshore
between November and January to release their young (Murdy et al. 1997). This inshore migration is
shown in the data with 68% of the catch occurring in the last two months of the year.   This temporal
pattern of distribution during cold water months is indicated in the hydrographic preferences as well
(Figure 80).  Spiny dogfish are observed in waters of high dissolved oxygen (> 7.5 mg/l) and cold
temperatures (< 12oC) (Figure 80).  They prefer the saltier waters of the Bay mouth (> 22 ppt) at
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depths greater than 6 m (Figure 80).  An item to mention is the fact sampling of the main-stem Bay was
altered beginning in 1991 to perform a combined January/February survey (conducted the end of
January).  In 1993, the design was changed slightly to sample the Bay every other month in the cold
water months (December to April), with Bay sampling eliminated in both January and March.
Squid species: Longfin Squid - Loligo pealei and Brief Squid - Lolliguncula brevis - are both
members of the family Loliginidae and the only two squid species found in Chesapeake Bay.  The
VIMS Trawl Survey has periodically recorded either catch totals or presence of these species from as
early as 1973, but they were not processed as a routine part of the survey until 1992.  Unfortunately,
both species are routinely recorded under one heading, “squid species”, primarily because small
specimen (> 50 mm) are difficult to identify in the field.  The brief squid is generally much smaller (max
of 120 mm ML) as compared to the longfin (max = 500 mm) (Vecchione et al. 1989).  For this
exercise, catches were divided into pre-recruits (< 80 mm) and recruits (> 80 mm).  Considering
Lolliguncula brevis is the only estuarine spawning squid, and the fact Loligo pealei prefers deeper
and more saline waters, it may be assumed that the longfin squid will be limited to sites from the Bay
mouth and eastward.  Looking at length frequencies (mantle length) on a monthly basis reveals larger
squid (> 120mm, probably Loligo) appearing in catches primarily in April with a few in May, while
very small juveniles (< 50 mm, probably Lolliguncula) being very abundant in the late summer to early
fall (Figure 81).  Attempts are underway to find effective field methods for identify these small
specimens at sea to insure identification to the species.   
The pre-recruit squid are most likely Lolliguncula brevis due in part to their spatial and
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temporal distribution.  Brief squid are known to be estuarine dependent with many of the pre-recruits
captured extending well up the Bay and into the lower tributaries (Figure 82).  These small specimen
are captured overwhelmingly from September to November in size classes less than 75 mm (Figure
83).  The pre-recruits appear more tolerant of brackish waters, appearing in catches with salinity less
than 19 ppt (Figure 84).  The recruits are most abundant in waters greater than 24 ppt (Figure 85), with
concentrations near the Bay mouth in the spring and summer (Figure 86).  It is likely the two peaks of
abundance seen by recruits (Figures 83, and temperature preferences in Figure 85) can be explained by
the presence of longfin squid in the April and May samples ( size range from 80 - 242 mm ML), and
adult brief squid (80 - 137 mm ML) migrating inshore to spawn during June and July.  However, until
these two species are routinely identified in the field these conclusions should be considered speculative. 
 
Summer Flounder - Paralicthys dentatus - are well distributed throughout the Chesapeake Bay and its
tributaries with both juveniles and adults commonly occurring from May to November (Figures 87 and
88).  Juveniles (< 60 mm) first begin appearing in trawl catches in March but are not abundant in
catches until June (Figure 89). Growth is  rapidly during their first year (290 mm by November). Over
65% of the specimens captured during trawling were juveniles, with a mean size of all specimens at 226
mm (Table 3).   There appears to be very little difference in habitat preference between juveniles and
adults.  Distribution appears to occur in waters with dissolved oxygen between 5 and 9 mg/l,  and at
depths primarily between 4 and 14 m (Figures 90 and 91).   The hydrographic parameters of greatest
importance appear to be salinity and water temperature.  Salinity above 15 ppt seems to be preferred
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with bottom temperatures greater than 10oC.  Adults appear more tolerant of colder waters than
juveniles (Figures 90 and 91).
Only 182 specimens have been captured by the beach seines (frequency = 143) with a mean
length of 210 mm (Table 4).  Of those fish, 57 were considered adults according to the length criteria in
Table 2.  Flounder are most abundant on the seine surveys in May and June, and again in September
and October (Figure 92), with adults concentrated in the Bay and seaside stations during July to
September.  Overall, the catch rates are highest at the bluefish seine sites of the lower Bay and Eastern
Shore, with a scattering of observations well up into freshwater on the tributaries (Figure 93).  Their
salinity preferences appears generally constant across the sampling area, with slightly higher percentages
occurring at salinity greater than 18 ppt (Figure 94).    Dissolved oxygen and pH show few patterns in
regards to catch, however bottom water temperatures greater than 20oC seem preferred (Figure 94).
Windowpane - Scophthalmus aquosus  - is a year round resident of Chesapeake Bay extending as far
north as the Choptank Riiver, but abundant in the lower Bay.  Spawning occurs in the spring to fall,
with a possible lull in the summer months (Murdy et al 1997).  Approximately 72% of trawl catches are
juveniles with the months of April to June representing peak abundance in juveniles, and adults peaking
in November (Figure 95).  Both juvenile and adult catches are concentrated in the Bay mouth and
Eastern shore during the spring and summer months (Figures 96 and 97).  Adult windowpane prefer
cooler waters and higher salinity (Figure 98) as compared to juveniles (Figure 99).
Only 27 windowpane have been captured on the seines surveys since 1994 (Table 4).  The 19
samples which captured the species occurred during April to June (Figure 100), primarily near the Bay
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mouth and seaside stations (Figure 101).  The limited data seems to indicate distribution in higher
salinities (> 22 ppt)  and lower temperatures (< 16oC) (Figure 102).  
Winter Flounder - Pseudopleuronectes americanus   - is less common in the Bay during the summer
months, migrating offshore to deeper cooler waters.  Interestingly, it is more abundant in the upper
portions of the Bay (Maryland) than the lower Bay (Murdy et al. 1997).  It is common on both muddy
and vegetated bottoms with spawning occurring in nearshore and estuarine waters from late winter to
early spring (Murdy et al 1997).   Catch rates were higher from the seine surveys compared to the
trawl (0.03 versus 0.01 fish per sample) (Tables 3 and 4).   Both surveys observe winter flounder
primarily during May to July, peaking in June (Figures 103 and 104).  The trawl survey typically
captures winter flounder at temperatures above 20 oC and salinity between 14 and 22 ppt (Figure
105).    The seine surveys see catches at temperatures from 18 to 26 oC, with salinity showing a bi-
modal distribution (Figure 106).  A small portion of the catch appears in waters from 12 to 20 ppt, with
over 70% occurring at 26 to 32 ppt (Figure 106) (Appendix Table 5).  The striped bass beach seine
survey never captures winter flounder with most of the catches appearing along the Eastern Shore sites
(Figure 107).  By contrast, the largest catches from the trawl survey appear just near the Virginia-
Maryland state line (Figure 55).
Hydrographic Summary
In an attempt to examine inter-annual variability in observed hydrographic data collections, each
variable (bottom water temperature, salinity, dissolved oxygen, and depth) were examined on an annual
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and by month (all years pooled) basis.  It was speculated that this would further clarify the distribution
of fishes catches discussed so far.  
For the 12 years of this examination (1988-1999) annual water temperatures have fluctuated from
a mean low of 14.91 in 1988 to a high of 16.87 in 1991 (Appendix Table 17 and Figure 108).  However,
due to the fairly large range in temperatures from month to month, only a few years showed statistically
different mean annual temperatures (Figure 108).  When all 12 years of data are pooled by month there
is clearly a significant difference in temperature between nearly all months, with temperatures in July to
September averaging over 24oC.  There is a clear increase in temperature from a low in January, peaking
in late summer, then declining rapidly in the fall months (Figure 108).  Recent years have shown an increase
in annual water temperature, not due to higher summer temperatures, but primarily to mild winters observed
since 1997 (Figure 108, Appendix Table 17).
Annual salinity statistics clearly reveal the affects of increased sample in the tributaries as a result
random surveys (Figure 109).  This increase in tributary sampling is very evident in 1996, reducing the
average salinity far below the values observed from 1988 to 1992.  A large freshet was produced in June
of 1996, with drought like conditions prevailing the last few years.  The pooled monthly statistics clearly
indicate when rainfall is typical in the Chesapeake Bay Basin.  Precipitation is dominant during the winter
and spring months with very little occurring in the late summer and into the fall.  This results in the months
of July to December having statistically higher salinity than the months of January to June (Figure 109 and
Appendix Table 17).
Dissolved oxygen levels are often correlated with  depth and temperature.  In the warm water
months (June through September) the deeper waters of the Chesapeake Bay become hypoxic.  In sections
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of the lower Rappahannock River this hypoxia extends well out in to waters as shallow was 12 ft (Geer
unpublished) The mean d.o. for the months of June to September is at or below 6 mg/l, with certain areas
having levels at or near 0.0 mg/l (Appendix Table 17 and Figure 110).  Typically, the main-stem Bay rarely
has problems with low dissolved oxygen (< 3.5 mg/l).  However, due to shallow sills near the entrance of
the Rappahannock and York Rivers, certain deep water areas are often anoxic.  Increased sampling effort
in these tributaries has resulted in lower  average oxygen levels since 1994 (Figure 110).   
A clear result of increased tributary sampling is seen in the station depth statistics (Figure 111).
With the addition of  this sampling, a new shallower strata was created (4-12 ft) which was not sampling
in the main-stem Bay until June of 1995.  The introduction of a RSD on the York is evident with a
significant decline in average station depth, and another, less prominent decline is evident when random
surveys were added for the Rappahannock and James Rivers in late 1995 and early 1996 (Figure 111 and
Appendix 17). 
DISCUSSION and CONCLUSIONS
The monitoring programs of the Virginia Institute of Marine Science offer an excellent resource for
juveniles and sometimes adults of many of the species discussed in this report. However, this exercise has
been only a very rudimentary beginning for exploring essential fish habitat of fishes in Chesapeake Bay. 
Although the VIMS monitoring surveys discussed here  are extensive with broad spatial and temporal
coverage, they often do not completely sample both juveniles and adults, and do not at all sample
ichthyoplankton.  This information supports seasonal and temporal abundance of these species very well,
in addition to offering acceptable hydrographic ranges for each species.  The length of these data sets also
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offers a unique look at inter-annual variations in environmental factors and their role in fish abundance and
distribution.  The salinity in the Chesapeake Bay varies greatly seasonally, as well as annually, depending
on rainfall conditions.  Additionally, varying climatological events (eg. El Nino and La Nina) can
dramatically impact both salinity and water temperatures.  Fortunately, the length of these collections covers
many different climatological and environmental events, with results here often representing an in-depth and
accurate portrayal of habitat usage.
Unfortunately, in an estuary such as Chesapeake Bay, the definition of essential fish habitat is so
broad, that the parameters provided here often indicate the entire system to be essential.  Further
exploration is required to define other parameters necessary for these fishes survival that will further define
those areas of specific concern.  
Some work has been performed on individual species and life stages.  Kraus (1998) showed
relationships between juvenile summer flounder abundance, slope of the bottom, and distance from SAVs.
Harding and Mann (2001) showed a relationship with transient fishes and oyster reefs, with Coen et al.
(1999) reviewing the role of oyster reefs in essential fish habitat.  Roza and Odum (1987) explored fish
usage of SAVs in tidal marsh creeks.  All these studies, and similar ones of habitat usage in Chesapeake
Bay, have one thing in common - they are limited to shallow waters environments - primarily of submerged
aquatic vegetation, marshes, and oyster reefs.  
In May of 1998, the VIMS Trawl Survey began to examine various habitat types (or substrates)
observed during routine trawl monitoring.  Some of these habitats, such as shell, sponge, hydroid, and sea
squirts, may influence fish distribution and abundance.  Many extend up from the bottom into the water
column creating a three dimensional structure which may be used for spawning, shelter, or feeding grounds.
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These substrates are measured discretely at each trawling site, based upon the quantity observed in the net
(and attached to the tickler chain) in relationship to a standard container device.  The goal is to map each
substrate type (Figures 112 and 113) and compare catch rates of various fish species in relationship to
substrate distribution.   Table 5 indicates the various substrates described to date, some preliminary
statistics,  and the discrete values used in estimating  quantity.
 It has become obvious from early analysis of these habitat data (Geer et al. 2000),  that simple
linear relationships between these habitat types and fish abundance would not be clear, and noise within
the data would require more advanced multi-variant statistical methods.  Compounding this is the fact
several habitat types appear to be associated with each other - such is the case of the red beard sponge
which uses oyster shell as a steadfast.  These relationships will need to be identified to provide “habitat
complexes” which may further increase the knowledge of fish usage of these environments, and greatly
strengthen the essential fish habitat denotation.
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Table 1. Federally managed species examined for this study, with their total 
catch and frequency of occurrence for the VIMS’s Trawl (1988-99) 
and Seine Surveys (1994-99).
Species Name Latin Name
VIMS
 Species
 Code
Occurs
in 
Bay1
SEINE
SURVEYS
TRAWL
SURVEY
Total Freq. Total Freq.
American plaice Hippoglossoides platessoides 0067 N 0 na 0 na
Atlantic cod Gadus morhua 0008 R to O 0 na 0 na
Atlantic halibut Hippoglossus hippoglossus 0379 N 0 na 0 na
Atlantic herring Clupea harengus 0029 A 9,321 71 6,203 529
Atlantic mackerel Scomber scombrus 0043 O 5 2 0 na
barndoor skate Raja laevis 0187 R 0 na 0 na
black seabass Centropristis striata 0002 A 98 42 6,739 1,656
bluefish Pomatomus saltatrix 0009 A 2,068 283 460 211
butterfish Peprilus triacanthus 0004 A 5 4 7,179 1,302
clearnose skate Raja eglanteria 0170 A 3 3 1,449 618
cobia Rachycentron canadum 0036 C 0 na 9 8
dusky shark Carcharhinus obscurus 0183 O 0 na 0 na
haddock Melanogrammus aeglefinus 0062 N 0 na 0 na
king mackerel Scomberomorus cavalla 0041 R to O 0 na 0 na
little skate Raja erinacea 0171 O 0 na 29 13
ocean pout Macrozdarces americanus 0227 N 0 na 0 na
pollock Pollachius virens 0047 R 1 1 2 2
red drum Sciaenops ocellatus 0035 C 147 33 77 61
red hake Urophycis chuss 0015 C 0 na 1,123 256
rosette skate Raja garmani 0172 N 0 na 0 na
sandbar shark Carcharhinus plumbeus 0162 C to A 2 2 11 10
scup Stenotomus chrysops 0001 C 21 11 15,144 830
sea scallop Placopectin magellanicus 0022 R 0 na 0 na
silver hake Merluccius bilinearis 0006 O to C 0 na 921 186
Spanish mackerel Scomberomorus maculatus 0042 A 140 20 195 80
spiny dogfish Squalus acanthias 0167 C 0 na 153 70
squid  spp Loligo spp. 0017 C to A 0 na 14,822 943
summer flounder Paralichthys dentatus 0003 A 182 143 14,833 4,165
Atl. surf clam Spisula solidissima 0091 O 0 na 0 na
thorny skate Raja radiata 0184 N 0 na 0 na
tilefish Lopholatililus chamaeleonticeps 0014 N 0 na 0 na
windowpane Scophthalmus aquosus 0063 C to A 27 19 1,631 821
winter flounder Pseudopleuronectes americanus 0044 C 104 35 97 48
winter skate Raja ocellata 0173 O 0 na 4 4
witch flounder Glyptocephalus cynoglossus 0024 N 0 na 0 na
yellowtail flounder Pleuronectes ferruginea 0049 R 0 na 0 na
1.  Murdy et al, 1997
36
Table 2. Summary of catch by species and life stage, frequency of occurrence, maximum catch, and length statistics collected from the  VIMS Seine
Surveys, 1994-1999.  * Indicates species in which information by life stage is lacking or insufficient.
Seine Surveys 1994-1999.  Catch Catch Per Unit Effort Length Information
Species Species
Code
Total Juveniles Adults Total Juveniles Adults Freq. Max.
Catch
Mean Standard
Error
Min. Max. Number
of
Lengths
Atlantic herring 0029 9,321 9,318 3 2.94 2.94 0 71 8,022 43.07 0.06 27 126 9,240
Atlantic mackerel 0043 5 5 0 0 0 0 2 4 71.2 7.3 59 91 5
black seabass 0002 98 * * 0.03 * * 42 13 74.02 3.09 22 153 98
Bluefish 0009 2,068 2,068 0 0.65 0.65 0 283 272 87.69 0.91 29 237 2,036
Butterfish 0004 5 * * 0 * * 4 2 69 24.65 24 135 5
clearnose skate 0170 3 * * 0 * * 3 1 322.67 20.63 295 363 3
Pollock 0047 1 1 0 0 0 0 1 1 75 . 75 75 1
red drum 0035 147 * * 0.05 * * 33 23 71.34 6.84 17 445 147
sandbar shark 0162 2 * * 0 * * 2 1 559 51 508 610 2
Scup 0001 21 21 0 0.01 0.01 0 11 5 102.76 4.56 60 138 21
Spanish mackerel 0042 140 * * 0.04 * * 20 73 45.38 1.74 28 110 117
summer flounder 0003 182 * * 0.06 * * 143 6 210.01 8.79 29 542 182
Windowpane 0063 27 * * 0.01 * * 19 5 79.7 3.92 43 128 27
winter flounder 0044 104 104 0 0.03 0.03 0 35 10 63.49 1.21 33 97 104
  
N = 3,168
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Table 3. Summary of catch by species and life stage, frequency of occurrence, maximum catch, and length statistics collected from the
VIMS Trawl Survey Survey, 1988-1999.  * Indicates species in which information by life stage is lacking or insufficient.
Trawl Survey 1988-1999  Catch Catch Per Unit Effort  Length Information
Species Species
Code
Total Juveniles Adults Total Juveniles Adults Freq. Max
Catch
Mean Standard
Error
Min. Max. Number of
Lengths
Atlantic herring 0029 6,203 5,584 619 0.5 0.45 0.05 529 1,174 83.36 0.95 29 351 6,049
black seabass 0002 6,739 4,907 1,832 0.55 0.4 0.15 1,656 195 108.8 0.48 20 354 6,705
bluefish 0009 460 456 4 0.04 0.04 0 211 58 182.48 3.77 22 820 460
butterfish 0004 7,179 5,598 1,581 0.58 0.45 0.13 1,302 360 89.23 0.44 11 236 7,136
clearnose skate 0170 1,449 * * 0.12 * * 618 66 380.59 1.88 79 541 1,448
cobia 0036 9 * * 0 * * 8 2 404.44 103.57 146 960 9
little skate 0171 29 * * 0 * * 13 10 364.14 10.17 248 457 29
pollock 0047 2 2 0 0 0 0 2 1 103.5 8.5 95 112 2
red drum 0035 77 * * 0.01 * * 61 4 90.99 7.23 26 395 77
red hake 0015 1,123 1,116 7 0.09 0.09 0 256 80 140.61 1.36 33 292 1,120
sandbar shark 0162 11 * * 0 * * 10 2 539.82 26.8 369 690 11
scup 0001 15,144 14,989 155 1.23 1.22 0.01 830 619 95.9 0.24 21 351 14,440
silver hake 0006 921 898 23 0.07 0.07 0 186 106 146.97 1.17 32 304 902
Spanish mackerel 0042 195 * * 0.02 * * 80 18 78.61 3.02 21 384 314
spiny dogfish 0167 153 * * 0.01 * * 70 21 794.07 8.46 77 1004 153
squid  spp 0017 14,822 14,449 373 1.2 1.17 0.03 943 325 32.98 0.15 5 258 14,013
summer flounder 0003 14,833 9,846 4,987 1.21 0.8 0.41 4,165 81 226.36 0.68 14 660 14,828
windowpane 0063 1,631 1,174 457 0.13 0.1 0.04 821 110 141.06 1.57 30 317 1,630
winter flounder 0044 97 96 1 0.01 0.01 0 48 17 88.04 4.23 33 347 97
winter skate 0173 4 * * 0 * * 4 1 397.5 31.63 332 477 4
               
N 12,308
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Table 4. Length cutoffs for juveniles (YOY) and adults, based on either monthly length frequencies, or size at 50% maturity
SPECIES VIMS Month
Cells With Dashed Outline Represent Beginning of Biological Year for This Survey
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Atlantic Herring 0029 A single maximum value of 260
Black Seabass 0002 110 110 110 110 110 150 175 70 85 100 105 110
Bluefish 0009 A single maximum value of 350
Butterfish 0004 150 150 150 150 150 60 75 115 125 140 150 150
Clearnose Skate 0170 No separation of age groups performed
Cobia 0036 No separation of age groups performed
Little Skate 0171 No separation of age groups performed
Pollock 0047 A single maximum value of 390
Red Drum 0035 No separation of age groups performed
Red Hake 0015 A single maximum value of 260
Sandbar Shark 0162 No separation of age groups performed
Scup 0001 A single maximum value of 160
Silver Hake 0006 A single maximum value of 230
Spanish Mackerel 0042 No separation of age groups performed
Spiny Dogfish 0167 No separation of age groups performed
Squid Species 0017 A single maximum value of 80
Summer Flounder 0003 290 290 60 100 140 170 200 225 250 275 290 290
Windowpane 0063 80 80 100 120 140 160 180 200 215 225 75 80
Winter Flounder 0044 A single maximum value of 260
Winter Skate 0173 No separation of age groups performed
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Table 5. Substrate, or habitat types described to date (May 1998 to December 2000) with various statistical information. 
Substrate Description Code Dominant Species or Material
Percent of 
Stations1
Mean 
Quantity2
Min Max
Artificial ART crab pots, pound net poles, granite ballast, assorted debris 2.89 0.58 0.1 3.0
Dead man’s fingers DMF Alcyonidium sp 8.20 0.41 0.1 5.0
Detritus DET Organic Material.  Mainly land based.  Leaves, twigs, marsh grasses, etc. 32.87 0.30 0.1 10.0
Hydroid HYD
There are 43 reported species in Chesapeake Bay, including:  white hair
(Sertularia cupressina), rope grass (Garveia franciscana)
44.45 0.33 0.1 5.0
Mud (soft) bottom MUD Determined by trawl plume, net contents, grabs, and depth sonar. 7.66 1.00 1.0 1.0
Sand (hard) bottom SND Determined by shine in doors and chain, grabs, and depth sonar. 4.77 1.00 1.0 1.0
Sea Squirts (Mogula spp.)  SQT Molgula sp. 23.52 0.79 0.1 14.0
Seaweeds (red, green, or brown) SWD
Brown, green and red algaes.sea lettuce (Ulva lactuca), tappered red
weed (Agardhiella tenera), coarse red weed (Gracilaria verrucosa)
21.01 0.36 0.1 10.0
Shell (oyster, clam, etc) SHL
Oyster (Crassastrea virginica)  Blue Mussel (Mytilus edulis), Bent
Mussel (Ischadium recurvum), wedge rangia (Rangia cuneata)
22.10 0.47 0.1 5.0
Sponges (yellow, orange, etc) SPG
Redbeard (Microciona prolifera) Loosanoff's Haliclona (Haliclona
loosanoffi)
8.86 0.70 0.1 6.0
Submerged Aquatic Vegetation SAV
eel grass (Zostera marina), widgeon grass (Ruppia maritima), coontail
(Ceratophyllum demersum)
7.74 0.32 0.1 3.0
Tube Worms TUB parchment worms (Chaetopterus sp) 8.37 0.22 0.1 1.0
Undetermined UNK Nothing in net and no evidence to classify. 8.67 1.00 1.0 1.0
Sand and Mud are only used when no other substrate type is present, and verification can be confirmed by direct observation or sediment grab.  Values
for these and Unknown are always given as 1.0.
1. Based on the number of occurrences of a habitat type divided by the total number of trawls, N = 3669.
2. Mean Quantity refers only to stations where that habitat type was observed.
Abundance is estimated relative to the capacity of  a commercial nest tote (internal dimensions 25.7"x16.7"x10", approximately 72 liters).  Categories
include: 0.1 =  trace, 0.5 = minimal, 1 = ¼  bin, 2 = ½ bin, 3 = ¾  bin, 4 = full bin,   etc.  
FIGURES
Figure 1.  Striped bass and bluefish seine locations.
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Figure 2.  VIMS Trawl Survey stratification system of the Lower Chesapeake Bay.
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Figure 3.  VIMS Trawl Survey station location during the summer (July – September) 1988-1999.
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Figure 4.  VIMS Trawl Survey station location during the Fall  (October - December) 1988-1999.
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Figure 5.  VIMS Trawl Survey station location during the Spring (April - June) 1988-1999.
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Figure 6.  VIMS Trawl Survey station location during the Winter (January - March) 1988-1999.
45
Figure 7. Catch per unit effort for adult and juvenile Atlantic herring from the VIMS Trawl Survey, 1988-1999.
46
Figure 8. Catch distribution by season of juvenile Atlantic herring from the VIMS Trawl Survey,  1988-1999.  
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Figure 9. Hydrographic preferences of juvenile Atlantic herring from the VIMS Trawl Survey.
48
Figure 10. Catch distribution by season of adult Atlantic herring from the VIMS Trawl Survey,  1988-1999.
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Figure 11. Hydrographic preferences of adult Atlantic herring from the VIMS Trawl Survey.
50
Figure 12. Catch per  unit effort for total catch of Atlantic herring from the VIMS Seine Surveys, 1994-1999.
51























































3
6
°
4
0
'
36
°40
'
3
6
°
5
0
'
36
°50
'
3
7
°
0
0
'
37
°00
'
3
7
°
1
0
'
37
°10
'
3
7
°
2
0
'
37
°20
'
3
7
°
3
0
'
37
°30
'
3
7
°
4
0
'
37
°40
'
3
7
°
5
0
'
37
°50
'
3
8
°
0
0
'
38
°00
'
3
8
°
1
0
'
38
°10
'
3
8
°
2
0
'
38
°20
'
77°40'
77°40'
77°30'
77°30'
77°20'
77°20'
77°10'
77°10'
77°00'
77°00'
76°50'
76°50'
76°40'
76°40'
76°30'
76°30'
76°20'
76°20'
76°10'
76°10'
76°00'
76°00'
75°50'
75°50'
75°40'
75°40'
75°30'
75°30'
75°20'
75°20'
75°10'
75°10'
Atl. Herring CPUE
 0
 0 - 1
 1 - 2
 2 - 4
 4 - 60
20 0 20 40 Kilometers
N
Figure 13. Atlantic herring catch per unit effort by site from the VIMS Seine Surveys, 1994-1999.
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Figure 14. Hydrographic preferences for Atlantic herring from the  VIMS Seine Surveys, 1994-1999.
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Figure 15. Total catch by site for Atlantic mackerel, butterfish, clearnose skate, and pollock from the
VIMS Seine Surveys, 1994-1999. 54
Figure 16. Catch per  unit effort for total catch of Atlantic mackerel from the VIMS Seine Surveys, 1994-1999.
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Figure 17. Hydrographic preferences for Atlantic mackerel and butterfish from the
VIMS Seine Surveys, 1994-1999.
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Figure 18. Catch per unit effort for adult and juvenile black sea bass from the VIMS Trawl Survey, 1988-1999.
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Figure 19. Catch distribution by season of juvenile black sea bass from the VIMS Trawl Survey,  1988-1999.
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Figure 20. Hydrographic preferences for juvenile black sea bass from the VIMS Trawl Survey, 1988-1999.
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Figure 21. Hydrographic preferences for adult black sea bass from the VIMS Trawl Survey, 1988-1999.
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Figure 22. Catch distribution by season of adult black sea bass from the VIMS Trawl Survey,  1988-1999.
61
Figure 23. Catch per  unit effort for total catch of black sea bass from the VIMS Seine Surveys, 1994-1999.
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Figure 24. Black sea bass catch per unit effort by site from the VIMS Seine Surveys, 1994-1999.
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Figure 25. Hydrographic preferences for black sea bass from the  VIMS Seine Surveys, 1994-1999.
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Figure 26. Catch per unit effort for total catch of bluefish from the VIMS Trawl Survey, 1988-1999.
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Figure 27. Catch distribution by season of bluefish from the VIMS Trawl Survey,  1988-1999.
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Figure 28. Hydrographic preferences for bluefish from the VIMS Trawl Survey, 1988-1999.
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Figure 29. Catch per  unit effort for total catch of bluefish from the VIMS Seine Surveys, 1994-1999.
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Figure 30. Bluefish catch per unit effort by site from the VIMS Seine Surveys, 1994-1999.
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Figure 31. Hydrographic preferences for bluefish from the VIMS Seine Surveys, 1994-1999.
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Figure 32. Catch per unit effort for adult and juvenile bluefish from the VIMS Trawl Survey, 1988-1999.
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Figure 33. Catch distribution by season of juvenile butterfish from the VIMS Trawl Survey,  1988-1999.
72
Figure 34. Catch distribution by season of adult butterfish from the VIMS Trawl Survey,  1988-1999.
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Figure 35. Hydrographic preferences for juvenile butterfish from the VIMS Trawl Survey, 1988-1999.
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Figure 36. Hydrographic preferences for adult butterfish from the VIMS Trawl Survey, 1988-1999.
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Figure 37. Catch per  unit effort for total catch of butterfish from the VIMS Seine Surveys, 1994-1999.
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Figure 38. Catch per unit effort for total catch of clearnose skate from the VIMS Trawl Survey, 1988-1999.
77
Figure 39. Catch distribution by season of clearnose skate from the VIMS Trawl Survey,  1988-1999.
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Clearnose Skate Hydrographic Preferences 1988 to 1999
Figure 40. Hydrographic preferences for clearnose skate from the VIMS Trawl Survey, 1988-1999.
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Figure 41. Catch per  unit effort for total catch of clearnose skate from the VIMS Seine Surveys, 1994-1999.
80
Figure 42. Hydrographic preferences for clearnose skate and pollock from the
VIMS Seine Surveys, 1994-1999.
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Figure 43. Catch per unit effort for total catch of cobia from the VIMS Trawl Survey, 1988-1999.
82
Figure 44. Catch distribution of cobia, sandbar shark, little and winter skates, and pollock
from the VIMS Trawl Survey,  1988-1999.
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Figure 45. Hydrographic preferences for cobia and sandbar shark from the VIMS Trawl Survey, 1988-1999.
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Figure 46. Catch per unit effort for total catch of little skate from the VIMS Trawl Survey, 1988-1999.
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Figure 47. Hydrographic preferences for little and winter skate from the VIMS Trawl Survey, 1988-1999.
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Figure 48. Catch per unit effort for total catch of winter skate from the VIMS Trawl Survey, 1988-1999.
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Figure 49. Catch per unit effort for total catch of pollock from the VIMS Trawl Survey, 1988-1999.
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Figure 50. Catch per  unit effort for total catch of pollock from the VIMS Seine Surveys, 1994-1999.
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Figure 51. Hydrographic preferences for pollock from the VIMS Trawl Survey, 1988-1999.
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Figure 52. Catch per  unit effort for total catch of red drum from the VIMS Seine Surveys, 1994-1999.
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Figure 53. Catch per unit effort for total catch of red drum from the VIMS Trawl Survey, 1988-1999.
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Figure 54. Red drum catch per unit effort by site from the VIMS Seine Surveys, 1994-1999.
93
Figure 55. Catch distribution  of red drum, Spanish mackerel, spiny dogfish, and winter flounder
from the VIMS Trawl Survey,  1988-1999.
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Figure 56. Hydrographic preferences for red drum from the VIMS Seine Surveys, 1994-1999.
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Figure 57. Hydrographic preferences for total red drum catch from the VIMS Trawl Survey, 1988-1999.
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Figure 58. Catch per unit effort for adult and juvenile red skate from the VIMS Trawl Survey, 1988-1999.
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Red Hake Hydrographic Preferences 1988 to 1999
Figure 59. Hydrographic preferences for total red hake catch from the VIMS Trawl Survey, 1988-1999.
98
Figure 60. Catch distribution by season of red hake from the VIMS Trawl Survey,  1988-1999.
99
Figure 61. Catch per unit effort for total catch of sandbar shark from the VIMS Trawl Survey, 1988-1999.
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Figure 62. Catch per  unit effort for total catch of sandbar  shark from the VIMS Seine Surveys, 1994-1999.
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Figure 63. Total catch (summation) by site for sandbar shark, scup, and windowpane from the VIMS Seine Surveys,  1994-1999.
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Figure 64. Hydrographic preferences for sandbar shark and scup from the
VIMS Seine Surveys, 1994-1999.
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Figure 65. Catch per unit effort for adult and juvenile scup from the VIMS Trawl Survey, 1988-1999.
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Figure 66. Catch distribution by season of juvenile scup from the VIMS Trawl Survey,  1988-1999.
105
Figure 67. Catch distribution by season of adult scup from the VIMS Trawl Survey,  1988-1999.
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Juvenile Scup Hydrographic Preferences 1988 to 1999
Figure 68. Hydrographic preferences for juvenile scup from the VIMS Trawl Survey, 1988-1999.
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Adult Scup Hydrographic Preferences 1988 to 1999
Figure 69. Hydrographic preferences for adult scup from the VIMS Trawl Survey, 1988-1999.
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Figure 70. Catch per  unit effort for total catch of scup from the VIMS Seine Surveys, 1994-1999.
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Figure 71. Catch per unit effort for adult and juvenile silver skate from the VIMS Trawl Survey, 1988-1999.
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Figure 72. Catch distribution by season of silver hake total catch from the VIMS Trawl Survey,  1988-1999.
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Figure 73. Hydrographic preferences for total silver hake from the VIMS Trawl Survey, 1988-1999.
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Figure 74. Catch per unit effort for total catch of Spanish mackerel from the VIMS Trawl Survey, 1988-1999.
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Spanish Mackerel Hydrographic Preferences 1988 to 1999
Figure 75. Hydrographic preferences for Spanish mackerel total catch  from the VIMS Trawl Survey, 1988-1999.
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Figure 76. Catch per  unit effort for total catch of Spanish mackerel from the VIMS Seine Surveys, 1994-1999.
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Figure 77. Spanish mackerel catch per unit effort by site from the VIMS Seine Surveys, 1994-1999.
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Figure 78. Hydrographic preferences for Spanish mackerel from the VIMS Seine Surveys, 1994-1999.
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Figure 79. Catch per unit effort for total catch of spiny dogfish from the VIMS Trawl Survey, 1988-1999.
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Figure80. Hydrographic preferences for spiny dogfish total catch from the VIMS Trawl Survey, 1988-1999.
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Figure 81. Length frequency of squid species captured by the VIMS Trawl Survey,
1992-1999.  Vertical red line indicates separation of pre-recruits and recruits (80 mm).
120
Figure 82. Catch distribution by season of pre-recruit squid from the VIMS Trawl Survey,  1988-1999.  These species were
recorded sporadically until 1992.
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Figure 83. Catch per unit effort for pre-recruits (juvenile) and recruits (adult) squid from the VIMS Trawl Survey, 1988-1999.
These species were recorded sporadically until 1992.
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Pre-Recruit Squid Hydrographic Preferences 1988 to 1999
Figure84. Hydrographic preferences for pre-recruit squid species from the VIMS Trawl Survey, 1988-1999
These species were recorded sporadically until 1992.
123
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Dissolved Oxygen (mg/l)
0
10
20
30
40
50
Pe
rc
en
t
Stations
Catches
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33
Bottom Temperature (C)
0
5
10
15
20
25
30
35
Pe
rc
en
t
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
Salinity (ppt)
0
5
10
15
20
25
30
35
Pe
rc
en
t
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33
Depth (m)
0
5
10
15
20
25
30
35
Pe
rc
en
t
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Figure85. Hydrographic preferences for recruit squid species from the VIMS Trawl Survey, 1988-1999
These species were recorded sporadically until 1992.
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Figure 86. Catch distribution by season of recruit squid from the VIMS Trawl Survey,  1988-1999.  These species were
recorded sporadically until 1992.
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Figure 87. Catch distribution by season of juvenile summer flounder from the VIMS Trawl Survey,  1988-1999.
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Figure 88. Catch distribution by season of adult summer flounder from the VIMS Trawl Survey,  1988-1999.
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Figure 89. Catch per unit effort for adult and juvenile summer flounder from the VIMS Trawl Survey, 1988-1999.
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Figure 90. Hydrographic preferences for juvenile summer flounder from the VIMS Trawl Survey, 1988-1999
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Adult Summer Flounder Hydrographic Preferences 1988 to 1999
Figure 91. Hydrographic preferences for adult summer flounder from the VIMS Trawl Survey, 1988-1999
130
Figure 92. Catch per  unit effort for total catch of summer flounder from the VIMS Seine Surveys, 1994-1999.
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Figure 93. Summer flounder catch per unit effort by site from the VIMS Seine Surveys, 1994-1999.
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Figure 94. Hydrographic preferences for summer flounder from the VIMS Seine Surveys, 1994-1999.
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Figure 95. Catch per unit effort for adult and juvenile windowpane from the VIMS Trawl Survey, 1988-1999.
134
Figure 96. Catch distribution by season of juvenile windowpane from the VIMS Trawl Survey,  1988-1999.
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Figure 97. Catch distribution by season of adult windowpane from the VIMS Trawl Survey,  1988-1999.
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Adult Windowpane Hydrographic Preferences 1988 to 1999
Figure 98. Hydrographic preferences for adult windowpane from the VIMS Trawl Survey, 1988-1999.
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Juvenile Windowpane Hydrographic Preferences 1988 to 1999
Figure 99. Hydrographic preferences for juvenile windowpane from the VIMS Trawl Survey, 1988-1999.
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Figure 100. Catch per  unit effort for total catch of windowpane from the VIMS Seine Surveys, 1994-1999.
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Figure 101. Windowpane catch per unit effort by site from the VIMS Seine Surveys, 1994-1999.
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Figure102. Hydrographic preferences for windowpane from the VIMS Seine Surveys, 1994-1999.
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Figure 103. Catch per  unit effort for total catch of winter flounder from the VIMS Seine Surveys, 1994-1999.
142
Figure 104. Catch per unit effort for total catch of winter flounder from the VIMS Trawl Survey, 1988-1999.
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Figure 105. Hydrographic preferences for winter flounder from the VIMS Trawl Survey, 1988-1999.
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Winter Flounder Hydrographic Preferences 1994 to 1999 (Seine Surveys)
Figure 106. Hydrographic preferences for winter flounder from the VIMS Seine Surveys, 1994-1999.
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Figure 107. Winter flounder catch per unit effort by site from the VIMS Seine Surveys, 1994-1999.
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Figure 108. Bottom temperature (oC) statistics showing mean, 95% confidence intervals, minimum and
maximum by year and month from the VIMS Trawl Survey, 1988-1999.
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Figure 109. Bottom salinity (ppt) statistics showing mean, 95% confidence intervals, minimum and
maximum by year and month from the VIMS Trawl Survey, 1988-1999.
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Figure 110. Bottom dissolved oxygen (mg/l) statistics showing mean, 95% confidence intervals, minimum and 
maximum by year and month from the VIMS Trawl Survey, 1988-1999.
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Figure 111. Station depth (in meters) statistics showing mean, 95% confidence intervals, minimum and 
maximum by year and month from the VIMS Trawl Survey, 1988-1999.
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Figure 112.  Habitat distribution for dead man’s fingers, detritus, hydroids, and sea squirts from VIMS Trawl Survey.
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Figure 113.  Habitat distribution for shell, sponges, submerged aquatic vegetation and tubeworm from VIMS Trawl Survey.
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APPENDIX TABLES
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Appendix Table 1. Percent of total catch relative to water temperature from the VIMS seine surveys, 1994-1999.
Water
Temperature
(oC)
Station
Count
Percent of
Stations
A
tlantic herring
A
tlantic m
ackerel
B
lack Sea B
ass
B
luefish
B
utterfish
C
learnose Skate
P
ollock
R
ed D
rum
Sandbar Shark
Scup
Spanish M
ackerel
Sum
m
er Flounder
W
indow
pane
W
inter Flounder
5 2 0.06
7 2 0.06
11 8 0.26 0.27 7.41
13 30 0.96 1.29 3.53
15 77 2.47 1.11 1.18 33.33 3.40 37.04
17 84 2.69 4.86 20.00 0.44 18.37 3.70
19 114 3.65 1.91 8.24 2.57 20.00 100.0 0.68 11.11 11.46
21 198 6.35 86.67 4.71 15.59 12.24 3.70 20.83
23 327 10.48 0.23 17.65 30.51 8.84 28.57 1.43 28.57 7.41 22.92
25 577 18.49 1.24 37.65 29.01 60.00 66.67 6.12 19.05 2.86 19.05 38.54
27 857 27.47 2.38 80.00 14.12 20.10 47.62 4.76 91.43 4.76 25.93 2.08
29 604 19.36 0.04 11.76 1.65 20.00 2.04 100.0 38.10 2.14 38.10 3.70 4.17
31 195 6.25 1.18 0.10 0.68 9.52 2.14 9.52
33 45 1.44 0.05
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Appendix Table 2. Percent of juvenile catch relative to water temperature from the VIMS trawl survey, 1988-1999.  Species in grey are those with limited
information for both life stages (juveniles and adults) so information was just collected on total catch.  In most cases nearly all samples
would be defined as juveniles according to the criteria in Table 2.
Water
Temperature
(oC)
Station
Count
Percent of
Stations
A
tlantic H
erring
B
lack Sea B
ass
B
luefish
B
utterfish
C
learnose Skate
C
obia
L
ittle Skate
P
ollock
R
ed D
rum
R
ed H
ake
Sandbar Shark
Scup
Silver H
ake
Spanish M
ackerel
Spiny D
ogfish
Squid
Sum
m
er F
lounder
W
indow
pane
W
inter F
lounder
W
inter Skate
1 119 1.05 3.28
3 325 2.86 1.66 0.24 0.45
5 811 7.15 0.27 1.47 0.02 2.20 2.33
7 958 8.44 5.80 0.63 0.11 0.01 0.01 2.30 2.78
9 777 6.85 3.28 2.93 0.47 0.01 1.08 3.29 2.96
11 872 7.69 14.44 6.58 4.68 0.07 1.46 6.43 11.76
13 922 8.13 14.10 5.32 2.81 0.24 8.99 7.57 3.59
15 869 7.66 29.60 7.36 4.87 0.70 5.13 7.43 9.52
17 769 6.78 3.97 11.19 6.27 4.87 9.16 8.75 10.14
19 795 7.01 1.46 10.90 12.48 12.54 11.73 7.87 20.92
21 895 7.89 21.45 10.12 6.20 11.83 37.13 9.84 10.59
23 830 7.32 0.38 11.36 16.35 19.27 14.87 10.26 10.14
25 1270 11.20 0.13 20.89 25.57 33.38 8.49 18.93 10.68
27 891 7.85 0.20 10.18 18.61 16.92 1.70 13.49 3.77
29 208 1.83 0.61 1.24 0.15 0.25 1.34 0.27
31 31 0.27 0.02 0.02 0.02 0.08
33 2 0.02 0.44 0.31 0.02 0.00 0.09
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Appendix Table 3. Percent of adult catch relative to water temperature from the VIMS trawl survey, 1988-1999.  Species in grey are those with limited
information for both life stages (juveniles and adults) , thus information is reported for only the total catch.  In most cases nearly all
samples would be defined as juveniles according to the criteria in Table 2.
Water 
Temperature 
(oC)
Station
Count
Percent
of
Stations
A
tlantic H
erring
B
lack Sea B
ass
B
luefish
B
utterfish
C
learnose Skate
C
obia
L
ittle Skate
P
ollock
R
ed D
rum
R
ed H
ake
Sandbar Shark
Scup
Silver H
ake
Spanish M
ackerel
Spiny D
ogfish
Squid
Sum
m
er F
lounder
W
indow
pane
W
inter F
lounder
W
inter Skate
1 119 1.05 0.00
3 325 2.86 60.66 0.00 2.23
5 811 7.15 22.95 2.87 0.00 0.44 7.59
7 958 8.44 16.39 0.47 0.00 0.00 0.00 3.09 9.15
9 777 6.85 0.00 0.47 0.27 0.00 0.00 5.91 10.94
11 872 7.69 0.00 3.04 1.20 0.00 18.41 9.30 16.07
13 922 8.13 0.00 6.90 1.00 0.00 10.88 10.32 14.96
15 869 7.66 0.00 6.37 3.19 0.68 3.77 11.04 14.96
17 769 6.78 0.00 7.37 5.64 2.05 4.60 8.04 9.60
19 795 7.01 0.00 7.13 30.01 1.37 7.11 7.13 6.47
21 895 7.89 0.00 8.07 6.71 5.48 17.57 9.43 3.13
23 830 7.32 0.00 13.39 21.51 23.29 29.71 11.31 3.57
25 1270 11.20 0.00 28.95 14.74 54.79 3.77 14.94 1.12
27 891 7.85 0.00 11.11 15.07 7.53 4.18 7.58 0.22
29 208 1.83 3.80 0.60 3.42 0.00 1.45 0.00
31 31 0.27 0.06 0.00 1.37 0.00
33 2 0.02 0.00 0.07 0.00 0.02 0.00
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Appendix Table 4. Percent of total catch relative to water temperature from the VIMS trawl survey, 1988-1999.
Water 
Temperature 
(oC)
Station
Count
Percent
of
Stations
A
tlantic H
erring
B
lack Sea B
ass
B
luefish
B
utterfish
C
learnose Skate
C
obia
L
ittle Skate
P
ollock
R
ed D
rum
R
ed H
ake
Sandbar Shark
Scup
Silver H
ake
Spanish M
ackerel
Spiny D
ogfish
Squid
Sum
m
er F
lounder
W
indow
pane
W
inter F
lounder
W
inter Skate
1 119 1.05 3.04   
3 325 2.86 3.54 3.90 1.28 0.16 0.96
5 811 7.15 4.64 1.84 0.01 22.08 12.67 4.62 15.69 1.60 3.82 3.09 25.00
7 958 8.44 8.04 0.59 0.09 0.35 6.90 20.78 12.58 0.01 15.99 11.11 0.01 2.57 4.59 1.03 25.00
9 777 6.85 3.33 2.28 0.43 4.60 13.79 12.99 23.34 0.01 24.66 11.76 1.07 4.18 5.22 1.03 25.00
11 872 7.69 13.05 5.65 0.44 3.90 10.72 100.00 15.58 23.79 0.07 23.99 54.25 1.74 7.42 12.99 25.00
13 922 8.13 12.79 5.74 7.05 2.43 12.26 16.88 11.49 0.23 18.81 5.23 9.01 8.51 6.94
15 869 7.66 26.71 7.10 16.96 4.60 15.46 51.72 2.60 6.75 0.70 6.76 1.96 5.13 8.67 11.02
17 769 6.78 3.59 10.18 19.38 6.09 12.88 12.50 10.34 1.82 4.84 2.25 4.26 9.11 8.51 9.94 1.03
19 795 7.01 1.32 9.90 7.05 16.32 16.57 1.30 2.55 12.43 1.58 11.57 7.61 16.75 3.09
21 895 7.89 19.32 9.58 7.49 6.32 9.82 17.24 1.30 2.10 45.45 11.77 0.45 1.60 36.55 9.70 8.66 29.90
23 830 7.32 0.34 11.89 19.38 17.33 9.33 25.00 0.91 27.27 19.31 0.34 5.32 15.15 10.62 8.22 45.36
25 1270 11.20 0.11 23.02 15.42 23.09 5.92 50.00 2.60 0.73 18.18 33.59 0.11 39.89 8.68 17.56 7.90 8.25
27 891 7.85 0.18 10.43 5.95 18.03 1.95 12.50 9.09 16.83 0.45 43.62 1.74 11.46 2.74 4.12
29 208 1.83 1.45 0.88 1.09 0.14 0.18 5.32 0.25 1.38 0.19 3.09
31 31 0.27 0.03 0.01 0.03 0.05
33 2 0.02 0.32 . 0.26 . . . . . . . 0.02 . . . . 0.01 0.06 . .
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Appendix Table 5. Percent of total catch relative to salinity from the VIMS seine surveys, 1994-1999.
Salinity
(ppt)
Station 
Count
Percent
of
Stations
 A
tlantic H
erring
 A
tlantic m
ackerel
 B
lack Sea B
ass
 B
luefish
 B
utterfish
 C
learnose Skate
 P
ollock
 R
ed D
rum
 Sandbar Shark
 Scup
 Spanish M
ackerel
 Sum
m
er Flounder
 W
indow
pane
 W
inter Flounder
1 1137 36.76 0.01 1.44
3 157 5.08 80.00 1.44
5 131 4.24 2.04 31.58 3.60 31.58
7 70 2.26
9 77 2.49 0.72 2.08
11 64 2.07 0.04 0.44 18.37
13 81 2.62 2.57 31.29 1.44 3.70 10.42
15 100 3.23 0.01 15.59 10.88 3.70 1.04
17 113 3.65 90.06 30.51 5.44 3.13
19 131 4.24 0.75 20.00 7.06 29.01 20.00 20.41 0.72 7.29
21 155 5.01 0.15 20.10 4.08 7.41
23 128 4.14 2.68 4.71 1.65 20.00 5.44 5.26 5.26 33.33 1.04
25 97 3.14 1.15 3.53 0.10 20.00 5.26 5.26 7.41 1.04
27 182 5.88 0.04 29.41 0.05 66.67 0.68 50.00 10.53 88.49 10.53 7.41 36.46
29 166 5.37 0.39 29.41 0.05 40.00 33.33 50.00 21.05 21.05 29.63 25.00
31 304 9.83 4.71 25.88 0.05 100.0 1.36 26.32 2.16 26.32 7.41 12.50
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Appendix Table 6. Percent of juvenile catch relative to salinity from the VIMS trawl survey, 1988-1999.  Species in grey are those with limited information
for both life stages (juveniles and adults) , thus information is reported for only the total catch.  In most cases nearly all samples would
be defined as juveniles according to the criteria in Table 2.
Salinity
(ppt)
Station
Count
Percent
of
Stations
A
tlantic H
erring
B
lack Sea B
ass
B
luefish
B
utterfish
C
learnose Skate
C
obia
L
ittle Skate
P
ollock
R
ed D
rum
R
ed H
ake
Sandbar Shark
Scup
Silver H
ake
Spanish M
ackerel
Spiny D
ogfish
Squid
Sum
m
er F
lounder
W
indow
pane
W
inter F
lounder
W
inter Skate
1 573 5.08 0.07 0.00 0.09
3 240 2.13 0.11 0.10
5 248 2.20 0.02 0.02 0.01 0.15
7 282 2.50 0.05 0.04 0.11 0.18
9 425 3.77 0.31 0.15 0.47 0.68
11 571 5.06 1.42 1.53 4.68 0.01 1.31 0.45
13 734 6.50 1.97 0.86 2.81 0.05 4.58 1.26
15 921 8.16 8.20 2.16 4.87 0.21 7.01 6.22
17 1214 10.76 3.93 4.84 6.27 2.83 0.10 13.25 5.86
19 1445 12.81 24.36 9.64 12.48 7.74 2.67 14.61 11.27
21 1425 12.63 8.65 17.21 6.20 7.53 12.75 14.76 10.28
23 1229 10.89 5.55 14.07 16.35 10.65 20.55 13.95 10.82
25 872 7.73 8.04 16.94 25.57 18.36 23.71 12.60 14.43
27 597 5.29 36.94 17.61 18.61 22.98 26.73 9.92 11.81
29 297 2.63 0.29 8.03 1.24 9.69 10.92 4.54 7.57
31 211 1.87 0.09 6.92 0.02 19.96 2.57 2.27 20.02
31 211 1.87 0.09 6.92 0.31 19.96 2.57 2.27 20.02
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Appendix Table 7. Percent of adult catch relative to salinity from the VIMS trawl survey, 1988-1999.  Species in grey are those with limited information
for both life stages (juveniles and adults) , thus information is reported for only the total catch.  In most cases nearly all samples would
be defined as juveniles according to the criteria in Table 2.
Salinity
(ppt)
Station
Count
Percent
of
Stations
A
tlantic H
erring
B
lack Sea B
ass
B
luefish
B
utterfish
C
learnose Skate
C
obia
L
ittle Skate
P
ollock
R
ed D
rum
R
ed H
ake
Sandbar Shark
Scup
Silver H
ake
Spanish M
ackerel
Spiny D
ogfish
Squid
Sum
m
er F
lounder
W
indow
pane
W
inter F
lounder
W
inter Skate
1 573 5.08 0.00 1.37 0.37
3 240 2.13 0.00 0.15
5 248 2.20 0.00 0.00 0.00 0.17
7 282 2.50 0.00 0.00 0.00 0.58
9 425 3.77 0.00 0.17 0.27 0.73
11 571 5.06 0.00 2.91 1.20 0.00 2.04 0.89
13 734 6.50 0.00 0.17 1.00 0.00 3.99 0.89
15 921 8.16 3.28 1.05 3.19 1.37 5.70 1.57
17 1214 10.76 16.39 4.71 5.64 6.85 0.00 11.35 3.80
19 1445 12.81 21.31 6.28 30.01 6.85 1.27 12.91 4.92
21 1425 12.63 16.39 13.95 6.71 23.29 2.95 13.75 8.72
23 1229 10.89 24.59 17.49 21.51 13.70 2.11 12.98 12.30
25 872 7.73 1.64 24.93 14.74 30.82 27.00 16.18 18.34
27 597 5.29 0.00 13.36 15.07 10.96 29.11 9.69 19.24
29 297 2.63 1.64 8.95 0.60 2.74 11.39 5.51 17.90
31 211 1.87 14.75 6.04 0.00 2.05 26.16 3.91 11.41
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Appendix Table 8. Percent of total catch relative to salinity from the VIMS trawl survey, 1988-1999.
Salinity
(ppt)
Station
Count
Percent
of
Stations
A
tlantic H
erring
B
lack Sea B
ass
B
luefish
B
utterfish
C
learnose Skate
C
obia
L
ittle Skate
P
ollock
R
ed D
rum
R
ed H
ake
Sandbar Shark
Scup
Silver H
ake
Spanish M
ackerel
Spiny D
ogfish
Squid
Sum
m
er F
lounder
W
indow
pane
W
inter F
lounder
W
inter Skate
1 573 5.08 0.11 0.01 0.18
3 240 2.13 0.11 0.44 0.11
5 248 2.20 0.02 0.44 0.01 0.01 0.16
7 282 2.50 0.16 0.03 0.09 1.37 1.06 0.32
9 425 3.77 0.36 0.15 0.22 0.43 1.37 0.27 0.11 1.06 0.70
11 571 5.06 2.29 1.89 2.20 3.90 5.48 0.36 0.11 1.06 0.01 1.56 0.58
13 734 6.50 2.52 0.68 1.32 2.43 100.00 6.85 0.54 0.05 4.26 4.38 1.15 1.03
15 921 8.16 7.97 1.86 3.52 4.60 6.85 2.34 0.22 2.65 1.06 0.65 6.56 5.12 10.31
17 1214 10.76 4.61 4.81 18.28 6.09 0.91 6.90 13.70 7.37 9.09 2.87 0.44 3.19 0.10 12.60 5.31 42.27
19 1445 12.81 23.42 8.75 12.56 16.32 1.75 25.00 23.29 4.22 9.09 7.73 1.65 34.04 2.63 14.03 9.40 12.37
21 1425 12.63 8.64 16.35 11.45 6.32 5.96 24.66 3.95 9.09 7.69 1.76 15.96 0.65 12.54 14.41 9.91 24.74
23 1229 10.89 7.78 14.97 10.57 17.33 11.98 37.50 10.96 16.26 36.36 10.68 5.18 19.68 4.58 20.13 13.62 11.19 4.12
25 872 7.73 7.71 19.06 15.42 23.09 17.45 25.00 3.45 4.11 7.55 27.27 18.49 9.70 10.64 16.34 23.96 13.82 15.54 2.06 25.00
27 597 5.29 33.53 16.48 9.03 18.03 21.79 12.50 20.69 26.42 9.09 22.86 37.93 4.79 29.41 26.68 9.84 13.87 3.09
29 297 2.63 0.47 8.27 4.63 1.09 22.70 10.34 16.71 9.62 9.37 2.66 39.87 10.96 4.87 10.49 50.00
31 211 1.87 0.29 6.69 9.91 0.01 17.45 58.62 1.37 14.02 19.78 31.09 0.53 8.50 2.99 2.83 17.46 25.00
161
Appendix Table 9. Percent of total catch relative to dissolved oxygen from the VIMS seine surveys, 1994-1999.
Dissolved
Oxygen
(mg/l)
Station 
Count
Percent
of
Stations
 A
tlantic H
erring
 A
tlantic m
ackerel
 B
lack Sea B
ass
 B
luefish
 B
utterfish
 C
learnose Skate
 P
ollock
 R
ed D
rum
 Sandbar Shark
 Scup
 Spanish M
ackerel
 Sum
m
er Flounder
 W
indow
pane
 W
inter Flounder
2 3 0.10 50.00
3 19 0.66 24.29 66.67 5.26 5.26 8.33
4 138 4.77 0.01 4.29 3.08 1.04
5 423 14.63 2.86 5.26 5.26 2.08
6 684 23.65 0.75 80.00 22.86 20.00 9.23 50.00 26.32 91.30 26.32 7.41 8.33
7 824 28.49 3.66 30.00 0.44 40.00 23.08 15.79 7.97 15.79 29.63 55.21
8 552 19.09 2.83 5.71 2.57 40.00 100.0 18.46 26.32 26.32 18.52 23.96
9 204 7.05 92.03 1.43 15.59 33.33 46.15 21.05 0.72 21.05 29.63 1.04
10 38 1.31 0.71 20.00 8.57 30.51 14.81
11 6 0.21 29.01
13 1 0.03 20.10
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Appendix Table 10. Percent of juvenile catch relative to dissolved oxygen from the VIMS trawl survey, 1988-1999.  Species in grey are those with limited
information for both life stages (juveniles and adults) , thus information is reported for only the total catch.  In most cases nearly all
samples would be defined as juveniles according to the criteria in Table 2.
Dissolved 
Oxygen 
(mg/l)
Station
Count
Percent
of
Stations
A
tlantic H
erring
B
lack Sea B
ass
B
luefish
B
utterfish
C
learnose Skate
C
obia
L
ittle Skate
P
ollock
R
ed D
rum
R
ed H
ake
Sandbar Shark
Scup
Silver H
ake
Spanish M
ackerel
Spiny D
ogfish
Squid
Sum
m
er F
lounder
W
indow
pane
W
inter F
lounder
W
inter Skate
0 49 0.44 0.02 0.01
1 77 0.70 0.11 0.17
2 148 1.34 0.41 0.02 0.14 0.01 0.49
3 280 2.54 0.11 2.22 0.11 1.54 0.35 2.84 0.56
4 538 4.88 0.54 3.44 0.47 6.58 4.08 7.23 2.97
5 959 8.69 1.39 14.63 4.68 19.89 11.94 12.55 6.60
6 1498 13.58 5.04 25.72 2.81 45.74 29.91 19.11 16.54
7 1570 14.23 4.28 17.36 4.87 13.29 23.94 18.02 24.07
8 1675 15.18 12.29 18.20 6.27 6.58 15.33 21.79 21.84
9 1375 12.46 54.59 11.21 12.48 5.46 11.91 11.48 14.03
10 1308 11.85 14.20 4.57 6.20 0.31 2.08 3.05 8.09
11 965 8.75 3.99 1.47 16.35 0.40 0.26 2.46 4.65
12 449 4.07 2.74 0.57 25.57 0.01 0.15 0.70 0.65
13 118 1.07 0.63 0.02 18.61 0.04 0.07 0.00
14 25 0.23 0.20 0.05 1.24 0.07 0.02 0.03 0.00
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Appendix Table 11. Percent of adult catch relative to dissolved oxygen from the VIMS trawl survey, 1988-1999.  Species in grey are those with limited
information for both life stages (juveniles and adults) , thus information is reported for only the total catch.  In most cases nearly all
samples would be defined as juveniles according to the criteria in Table 2.
Dissolved 
Oxygen 
(mg/l)
Station
Count
Percent
of
Stations
A
tlantic H
erring
B
lack Sea B
ass
B
luefish
B
utterfish
C
learnose Skate
C
obia
L
ittle Skate
P
ollock
R
ed D
rum
R
ed H
ake
Sandbar Shark
Scup
Silver H
ake
Spanish M
ackerel
Spiny D
ogfish
Squid
Sum
m
er F
lounder
W
inter F
lounder
W
inter Skate
0 49 0.44 0.00 0.00
1 77 0.70 0.06 0.11
2 148 1.34 1.13 0.00 0.69 0.00 0.64
3 280 2.54 0.00 1.55 0.00 0.00 0.00 2.24
4 538 4.88 0.00 7.09 0.27 4.14 1.35 5.84
5 959 8.69 0.00 15.14 1.20 4.83 2.25 9.99
6 1498 13.58 0.00 32.42 1.00 38.62 12.61 18.35
7 1570 14.23 0.00 14.18 3.19 33.79 44.59 16.28
8 1675 15.18 0.00 14.36 5.64 15.17 13.96 20.66
9 1375 12.46 1.64 7.27 30.01 2.07 24.32 14.16
10 1308 11.85 16.39 4.11 6.71 0.69 0.00 6.56
11 965 8.75 77.05 2.50 21.51 0.00 0.90 4.32
12 449 4.07 4.92 0.12 14.74 0.00 0.00 0.74
13 118 1.07 0.00 0.00 15.07 0.00 0.04
14 25 0.23 0.00 0.06 0.60 0.00 0.00 0.06
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Appendix Table 12. Percent of total catch relative to dissolved oxygen from the VIMS trawl survey, 1988-1999.
Dissolve
d
 Oxygen 
(mg/l)
Station
Count
Percent
of
Stations
A
tlantic H
erring
B
lack Sea B
ass
B
luefish
B
utterfish
C
learnose Skate
C
obia
L
ittle Skate
P
ollock
R
ed D
rum
R
ed H
ake
Sandbar Shark
Scup
Silver H
ake
Spanish M
ackerel
Spiny D
ogfish
Squid
Sum
m
er F
lounder
W
indow
pane
W
inter F
lounder
W
inter Skate
0 49 0.44 0.02 0.01
1 77 0.70 0.10 0.15
2 148 1.34 0.61 0.23 0.01 0.14 0.01 0.54
3 280 2.54 0.10 2.03 0.93 0.09 1.39 18.18 1.52 0.11 6.79 0.51 2.63 0.40 3.16
4 538 4.88 0.49 4.45 2.55 0.43 2.49 25.00 1.52 1.10 18.18 6.55 0.11 14.81 4.00 6.75 2.32 4.21
5 959 8.69 1.25 14.77 6.71 3.90 6.44 25.00 3.45 0.82 27.27 19.74 1.10 24.07 11.71 11.67 5.31 23.16
6 1498 13.58 4.54 27.56 33.10 2.43 18.96 37.50 3.03 3.39 9.09 45.66 0.99 32.10 29.64 18.85 12.68 32.63
7 1570 14.23 3.96 16.49 16.67 4.60 21.74 20.69 1.52 12.01 18.18 13.51 5.86 18.52 0.65 24.30 17.42 20.72 16.84
8 1675 15.18 11.15 17.15 25.46 6.09 28.11 12.50 62.07 13.64 22.55 9.09 6.67 23.87 3.70 39.22 15.29 21.40 25.03 10.53 25.00
9 1375 12.46 50.04 10.12 12.27 16.32 15.81 39.39 33.73 5.42 48.51 31.37 12.06 12.41 16.87 6.32 25.00
10 1308 11.85 15.60 4.45 0.46 6.32 3.66 6.90 100.0 21.21 13.29 0.31 8.95 24.84 2.02 4.26 9.10 1.05 50.00
11 965 8.75 8.04 1.76 17.33 1.32 6.90 7.58 12.28 0.40 10.50 3.92 0.27 3.10 6.44
12 449 4.07 4.05 0.44 1.62 23.09 0.07 9.09 0.64 0.01 0.14 0.71 1.00 1.05
13 118 1.07 0.59 0.02 18.03 1.52 0.18 0.04 0.06 0.07 1.05
14 25 0.23 0.18 0.05 1.09 1.52 0.06 0.02 0.04 0.07
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Appendix Table 13. Percent of juvenile catch relative to depth from the VIMS trawl survey, 1988-1999.  Species in grey are those with limited information
for both life stages (juveniles and adults) , thus information is reported for only the total catch.  In most cases nearly all samples would
be defined as juveniles according to the criteria in Table 2.
Depth 
 (m)
Station
Count
Percent
of
Stations
A
tlantic H
erring
B
lack Sea B
ass
B
luefish
B
utterfish
C
learnose Skate
C
obia
L
ittle Skate
P
ollock
R
ed D
rum
R
ed H
ake
Sandbar Shark
Scup
Silver H
ake
Spanish M
ackerel
Spiny D
ogfish
Squid
Sum
m
er F
lounder
W
indow
pane
W
inter F
lounder
W
inter Skate
1 242 2.07 0.04 0.18 0.01 0.02 3.72 0.77
3 1228 10.53 5.38 1.55 1.11 2.46 10.86 4.28
5 1720 14.75 35.05 6.98 0.02 8.02 6.40 9.48 11.04
7 2186 18.74 7.20 11.79 0.11 20.93 11.87 16.00 20.12
9 1910 16.38 19.30 23.41 0.47 25.09 16.16 15.33 14.13
11 1587 13.61 11.81 20.38 4.68 14.52 27.56 17.41 13.87
13 1143 9.80 8.62 18.34 2.81 15.31 22.58 11.68 12.50
15 698 5.98 9.91 10.81 4.87 6.98 8.91 6.92 14.98
17 451 3.87 1.97 3.79 6.27 0.95 2.26 4.35 4.88
19 326 2.79 0.57 1.35 12.48 3.20 1.07 2.64 1.71
21 83 0.71 0.07 0.98 6.20 3.79 0.01 0.61 0.26
23 34 0.29 0.04 0.04 16.35 0.03 0.47 0.74 0.68
25 27 0.23 0.24 25.57 0.20 0.08 0.34
27 6 0.05 0.02 18.61 0.00 0.02 0.08 0.00
29 9 0.08 0.02 0.04 1.24 0.01 0.03 0.34
31 5 0.04 0.04 0.02 0.01 0.09
33 9 0.08 0.02 0.06 0.31 0.03 0.03
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Appendix Table 14. Percent of adult catch relative to depth from the VIMS trawl survey, 1988-1999.  Species in grey are those with limited information for
both life stages (juveniles and adults) , thus information is reported for only the total catch.  In most cases nearly all samples would be
defined as juveniles according to the criteria in Table 2.
Depth 
 (m)
Station
Count
Percent
of
Stations
A
tlantic H
erring
B
lack Sea B
ass
B
luefish
B
utterfish
C
learnose Skate
C
obia
L
ittle Skate
P
ollock
R
ed D
rum
R
ed H
ake
Sandbar Shark
Scup
Silver H
ake
Spanish M
ackerel
Spiny D
ogfish
Squid
Sum
m
er F
lounder
W
indow
pane
W
inter F
lounder
W
inter Skate
1 242 2.07 0.00 0.22 0.00 0.00 2.14 0.45
3 1228 10.53 0.00 2.11 8.39 0.00 8.66 1.56
5 1720 14.75 3.70 9.85 0.00 23.23 6.00 9.72 5.12
7 2186 18.74 1.85 11.41 0.00 14.84 3.60 14.97 13.81
9 1910 16.38 18.52 12.08 0.27 15.48 23.60 18.32 15.59
11 1587 13.61 16.67 15.80 1.20 3.87 21.20 16.91 16.93
13 1143 9.80 1.85 16.58 1.00 16.13 7.20 11.13 18.71
15 698 5.98 27.78 11.13 3.19 0.65 32.00 7.05 15.14
17 451 3.87 5.56 13.02 5.64 0.00 4.40 4.71 5.35
19 326 2.79 24.07 5.23 30.01 14.19 1.60 2.93 3.79
21 83 0.71 0.00 1.45 6.71 0.00 0.40 2.73 1.11
23 34 0.29 0.00 0.78 21.51 2.58 0.00 0.28 0.89
25 27 0.23 0.17 14.74 0.00 0.20 1.34
27 6 0.05 0.06 15.07 0.65 0.00 0.08 0.22
29 9 0.08 0.00 0.11 0.60 0.00 0.04 0.00
31 5 0.04 0.00 0.00 0.00 0.00
33 9 0.08 0.00 0.00 0.07 0.00 0.14
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Appendix Table 15. Percent of total catch relative to depth from the VIMS trawl survey, 1988-1999.
Depth 
 (m)
Station
Count
Percent
of
Stations
A
tlantic H
erring
B
lack Sea B
ass
B
luefish
B
utterfish
C
learnose Skate
C
obia
L
ittle Skate
P
ollock
R
ed D
rum
R
ed H
ake
Sandbar Shark
Scup
Silver H
ake
Spanish M
ackerel
Spiny D
ogfish
Squid
Sum
m
er F
lounder
W
indow
pane
W
inter F
lounder
W
inter Skate
1 242 2.07 0.05 0.19 1.52 0.48 2.60 0.01 1.04 0.02 3.19 0.68
3 1228 10.53 4.84 1.70 5.00 1.66 33.33 3.45 9.09 0.27 18.18 1.19 11.40 2.40 10.12 3.57 5.15
5 1720 14.75 31.85 7.75 13.26 0.01 4.43 50.00 5.19 0.53 8.18 0.22 15.54 6.35 9.56 9.60 11.34
7 2186 18.74 7.19 11.69 18.48 0.09 13.23 33.33 20.69 10.39 2.49 20.87 4.02 31.61 14.38 11.65 15.65 18.40 46.39 25.00
9 1910 16.38 18.38 20.37 30.65 0.43 13.57 22.22 6.90 50.00 16.88 3.38 25.00 2.17 19.69 9.15 16.21 16.34 14.46 17.53 25.00
11 1587 13.61 12.61 19.15 14.35 3.90 25.55 11.11 41.38 20.78 9.88 54.55 14.41 7.06 11.40 7.84 27.50 17.24 14.71 12.37 25.00
13 1143 9.80 9.00 17.87 12.39 2.43 11.98 13.79 10.39 13.09 18.18 15.32 16.29 4.66 8.50 22.51 11.50 14.15 5.15
15 698 5.98 10.48 10.90 1.96 4.60 16.90 3.45 7.79 12.64 6.92 16.72 1.55 25.49 9.24 6.97 14.95 25.00
17 451 3.87 3.54 6.27 1.09 6.09 4.22 3.45 3.90 7.48 9.09 0.94 6.73 16.34 2.33 4.47 4.98 1.03
19 326 2.79 1.61 2.39 1.09 16.32 3.05 11.69 18.97 3.32 29.10 6.54 1.07 2.74 2.28 1.03
21 83 0.71 0.15 1.10 6.32 1.18 10.06 3.75 11.73 2.59 0.65 0.01 1.32 0.49
23 34 0.29 0.19 0.24 0.22 17.33 0.76 1.30 4.19 0.06 0.65 2.61 0.47 0.59 0.74
25 27 0.23 0.08 0.22 23.09 2.35 6.90 14.07 4.67 0.52 8.50 0.21 0.12 0.62
27 6 0.05 . 0.03 18.03 0.21 0.71 0.01 0.02 0.08 0.06
29 9 0.08 0.02 0.06 1.09 . 0.53 0.01 0.03 0.25
31 5 0.04 . 0.03 0.01 0.07 0.27 0.11 0.01 0.06
33 9 0.08 0.02 0.04 0.26 0.35 1.42 0.03 0.54 0.07
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Appendix Table 16. Percent of total catch relative to pH from the VIMS seine surveys, 1994-1999.
PH Station Count
Percent
of
Stations
 A
tlantic H
erring
 A
tlantic m
ackerel
 B
lack Sea B
ass
 B
luefish
 B
utterfish
 C
learnose Skate
 P
ollock
 R
ed D
rum
 Sandbar Shark
 Scup
 Spanish M
ackerel
 Sum
m
er Flounder
 W
indow
pane
 W
inter Flounder
5.8 41 1.39 0.01 0.60
6.2 115 3.90 0.55 0.72
6.6 183 6.21 0.01 0.30 1.47 0.72
7.0 315 10.69 80.00 0.55 50.00
7.4 552 18.74 0.11 35.62 2.71 66.67 100.00 47.06 50.00 5.26 1.45 5.26 7.41 24.21
7.8 819 27.80 7.26 26.03 14.21 33.33 33.33 36.76 31.58 6.52 31.58 55.56 54.74
8.2 644 21.86 91.63 30.14 77.60 66.67 10.29 63.16 2.90 63.16 14.81 20.00
8.6 244 8.28 0.98 20.00 8.22 3.42 4.41 87.68 22.22 1.05
9.0 33 1.12 0.05
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Appendix Table 17. Hydrographic statistics for the Virginia portion of Chesapeake Bay by year and month from the 
VIMS Trawl Survey, 1988-1999.  The Seine Survey data is not used because it does not have adequate spatial
and temporal coverage to accurately represent the estuarine watershed in Virginia.
YEAR
Depth (m) Water Temperature (oC) Dissolved Oxygen (mg/l) Salinity (ppt)
TrawlsMean StdErr Min Max Mean StdErr Min Max Mean StdErr Min Max Mean StdErr Min Max
1988 9.97 0.15 2.80 34.50 14.91 0.30 1.50 30.50 7.81 0.10 1.00 13.00 19.20 0.22 0.00 34.00 889
1989 10.16 0.14 2.10 27.10 15.49 0.28 3.00 30.00 7.60 0.10 0.62 14.00 17.64 0.28 0.00 33.80 840
1990 10.24 0.14 3.40 39.90 16.75 0.30 0.90 35.00 7.87 0.08 2.10 16.00 18.74 0.28 0.00 34.30 827
1991 9.21 0.13 1.20 23.50 16.87 0.26 3.91 29.50 7.80 0.07 0.71 13.88 19.13 0.24 0.00 35.10 930
1992 8.98 0.14 0.90 40.50 15.17 0.24 2.63 29.00 8.23 0.08 0.38 14.05 19.71 0.22 0.00 32.00 982
1993 9.07 0.14 1.20 30.80 16.14 0.26 3.56 30.97 7.96 0.10 0.18 14.60 17.37 0.26 0.00 37.00 916
1994 9.06 0.15 1.20 36.30 16.09 0.26 1.40 29.32 7.31 0.10 0.09 13.18 16.58 0.26 0.00 37.10 911
1995 8.48 0.15 0.90 29.90 16.62 0.27 0.60 30.72 7.34 0.08 0.07 12.35 18.88 0.22 0.00 31.80 974
1996 8.76 0.14 1.50 43.90 15.54 0.24 0.33 28.47 7.71 0.08 0.08 14.60 13.88 0.20 0.00 31.40 1176
1997 8.56 0.13 0.90 24.40 16.34 0.21 1.76 29.04 7.29 0.07 0.10 13.67 15.90 0.21 0.00 31.80 1220
1998 8.50 0.14 0.90 60.90 16.82 0.19 5.27 29.14 7.59 0.06 0.13 12.50 15.38 0.21 0.00 31.90 1262
1999 8.26 0.13 0.90 30.20 16.39 0.20 3.35 29.43 7.55 0.07 0.24 14.78 17.69 0.18 0.10 31.30 1383
MONTH
Depth (m) Water Temperature (oC) Dissolved Oxygen (mg/l) Salinity (ppt)
Trawls
Mean StdErr Min Max Mean StdErr Min Max Mean StdErr Min Max Mean StdErr Min Max
Jan 9.10 0.17 0.90 24.60 4.82 0.07 0.90 9.85 11.05 0.04 6.18 15.50 15.16 0.28 0.00 31.00 716
Feb 9.29 0.17 1.20 60.90 5.13 0.06 0.33 12.56 10.79 0.04 6.47 16.00 15.36 0.27 0.00 33.40 905
Mar 8.95 0.17 0.90 30.20 7.61 0.08 3.56 15.96 10.31 0.03 4.80 14.05 14.04 0.31 0.00 34.30 727
Apr 9.21 0.15 1.20 39.90 11.74 0.07 7.50 19.50 8.98 0.04 4.50 13.02 15.16 0.26 0.00 31.60 963
May 9.09 0.13 0.90 28.00 16.44 0.07 9.81 24.00 7.33 0.04 2.20 11.91 16.26 0.24 0.00 33.50 1115
Jun 8.94 0.13 1.50 29.30 20.81 0.08 11.50 28.00 6.09 0.05 0.24 11.93 16.60 0.22 0.00 33.30 1124
Jul 8.81 0.13 1.20 30.80 25.29 0.08 13.69 35.00 4.81 0.06 0.07 12.32 18.32 0.22 0.00 37.10 1143
Aug 8.94 0.13 1.20 32.60 26.13 0.07 14.88 31.00 5.09 0.06 0.08 11.80 18.66 0.21 0.70 37.00 1072
Sep 8.96 0.13 1.20 40.50 24.43 0.04 19.89 27.87 5.48 0.05 0.13 10.74 18.88 0.20 0.10 35.50 1179
Oct 8.96 0.13 0.90 43.90 19.65 0.06 12.50 25.53 6.83 0.04 2.94 14.60 19.10 0.19 0.00 32.60 1161
Nov 8.89 0.13 0.90 39.00 13.81 0.05 7.82 24.00 8.30 0.03 0.35 14.78 19.23 0.18 0.00 31.50 1171
Dec 9.12 0.15 1.20 30.20 9.49 0.07 3.00 22.00 9.38 0.03 5.47 14.00 18.30 0.22 0.00 33.80 1034
